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Wherever horsepower goes... the right wire should lead it 


Every new.day brings new inventions with new needs for special wires 
to control a different use of horsepower. Belden engineers have 
pioneered with every facet of the industry—understand—meet 
these needs, What’s more, Belden is your complete source for all wires 
of a quality that means consistent savings in your production lines. 


if it’s worth engineers’ time 
it’s worth engineered wire 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord * Aircraft Wires 
Welding Cable * Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 
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Position means nothing 
in the life of a ball bearing! 


Upside down... right side up. . . sideways! Electric 
motors made with New Departure ball bearings 

keep their performance promises in any position. 

Such versatility is welcomed by appliance makers... 
machine tool builders, too . . . because it means infinite 
freedom of design. Accessibility for service need not 

be the ruling factor in motor location. For the motor made 
with New Departure ball bearings . . . like the 

bearings themselves . . . is built to be forgotten for long 


turning point periods of service without attention for relubrication. There's 


no need for adjustment because of wear. 
of modern If you're looking for ways to simplify product 


design and improve product performance, wrife or call 


industry for details on New Departure ball bearings. 
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NEW DEPARTURE ee OF GENERAL MOTORS BRISTOL, CONN 
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The BODINE line — 


a complete line of fractional hp motors 
Over 3500 standard motors—built to order—only 12- to 16-week delivery 


.for blowers, pumps, coin-handling BODINE SPEED REDUCER 
units, communication equipment, MOTORS 


therapeutic devices, sound-recording . ‘ ‘ ...combines motor and speed reducer in one 
and reproducing equipment, machine unit, eliminating all cumbersome and 

tools, and similar applications , f (ee complicated speed reducer transmissions such as 
BODINE TYPE N MOTORS ’ ited a a belts, gears, and chains 

These motors are available in three basic 
sizes... the smallest 33/g” in diameter 
the largest 51/2. Almost any type wind- 
ng. Standard ratings from 1/150 to 1/6 
hp at 1725 rpm 


single or double 
reduction speed reducers 
for transmitting low 
torques over a wide range 


of speeds. Height 35/g 
Write for bulletin “’S 


. coo 5 double worm-gear 
.for instruments, timing devices, 
reducer to deliver 
control apparatus, and related 
: . moderate torques at 
equipment 


“es speeds. Height, 43/, 
BODINE TYPE K-2 MOTORS 


Available with and without speed re 
ducers. Model without reducer ideal for 
equipment requiring relatively low out- 
put. Overall height only 23/g”. Instantly 
reversible. Can be stalled indefinitely 
Synchronous or non-synchronous. Nor 
mal 60-cycle output ranges from 1/2000 


chronous. Drive shaft speeds ranae from 


300 to C0 rpm 


n 


Write for bulletin 1024A 
for speed reducer 
models, bulletin 1023B 


agoubie wc 
reducer for 
high torques at lo 


speeds. Height 


.for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 


BODINE TYPE U MOTORS 


to 1/500 hp on continuous duty single reduction, right 
Models with parallel shaft speed re angle worm gear reducer to 

ducer have high starting torque of not . deliver moderate toraues 

less than 150% of full load torque at Height, 47/g’ 

room temperature. Quickly reversible 

under load. Synchronous r non-syr 


Write for bulletin 1 


265 different stock types and sizes ready for fast shipment! 


BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12 


neavy Guty reducer tor 
r continuous arivinc of 
heavy loads Ample reserve 
ge. BODINE iprcennte 
Mb germeet f Eight d hacen windin, 
Ue hea tg — 
: M OTORS Write for bulletin 1022B - 
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DAGLAS OFFERS A FLEXIBLE 






wp GLASS INSULATION WITH 





PROVEN THERMAL STABILITY! 





DAGLAS WIRE 
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Twist test samples showing adhesion and flexibility of double Daglas wire 
as compared to conventional double glass wire (one twist per inch). 





FIRST FOR LASTING QUALITY—FROM MINE TO MARKET! 






s 
ota 


* Daglas—tradem registered and product patented. 





Flexible glass insulation— excellent bending and 
torming qualities. 


Improved adhesion prevents fraying or unraveling. 


Proven Class “B” insulation. 


Daglas with silicone overbond meets Class ‘““H”’ 


requirements— makes Class “H” windings practical. 


DAGLAS WIRE 


Samples showing ends of conductors after elongation to breaking point. 
Note excellent adhesion and flexibility of Daglas 


Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer! 


PHELPS DOOGE COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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Materials, Electrical Electronic 


Your Classification 
Electrical Insulation and Dielectrics 


Irradiated Polyethylene Insulation Systems 


Electron-irradiated polyethylene 
its electrical characteristics 
stability over a wide 


tape has been evaluated for 
Certain advantages, 

temperature range, 
in various insulation systems. Tests 


including 
indicate application 
results are 
specihc use of the material in wire and 
in motor and generator 
tape material to forn 
disc ussed 


iwnalvzed = for 
cable structures and 
Ability of the 


a watertight encapsulated sheat 


Insulation systems 


K. J. Mackenzie and R. A 


eral Electric Company 


Ward. Insulation Materials. Gen 
Schenectady, N. ¥ 
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Instruments and Test Equipment 
Design 

Components, Electrical Electronic 
Semiconductors 


Your Classification 


Thyrite Bridge Applications 


Design data for non-line 


i resistance bridge eircults using 
Phyrite resistors. Applications include phase inversion, fr 
quency multiplic ition, and voltage regulation 
G. D. Barcus, Jr.. Magnetic Materials Section, General ectris 


( 


mopany. Edmore. Mic 
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In This issue 





A double-function briefing of 
the feature articles 
each month: 

(1) A quick interpretation of 
the content of the article. 


content 


Components, Electrical Electronic 


Your Classification 
Protective Devices 


Positive Over-Temperature Protection 
with Heat Limiters 


The heat limiter provides current-interrupting protectior 

electrically heated appliances and equipment based on the 
temperature surrounding the limiter rather than the curret 
going through it. Three types of this unique device are 


described and notes on their proper selection and applicatior 


| eben-. Bussmann \l ( . St. Louis, Mo 


Electrical Manufacturing 1958 January p 62 2pp 


Components, Mechanical Structural 
Shock and Vibration Isolators 

Materials, Mechanical Structural 
Nonmetallic Materials 


Your Classification 


Foamed Plastics for Structural Functions 
in Electronic Equipment 


koa plastics are used effectively in) designing airb 1 
electronic equipment required to withstand severe natural and 
induced environments. With particular emphasis on severe 
dynam environments, this article analyzes design tactors 
related to vibration; evaluates toan laterials as structura 
and echanical elements: cites case histories such as the 

of foa sal structures for mounting boards 

R. Thielman, Jack & Heintz, Inc., Cleveland, Ohi 


Electrical - Manufacturing 1958 January p 67 7pp 


Control 


Your Classification 
Systems and Servos 


Motorized Actuators in Hydraulic Systems 


The addition of a motorized actuator to the conventiona 
hydraulic control system provides a prompt. accurate link 
between hydraulics and electric monitoring or programming 
circuits. Several types of electrohydraulic controls and their 
application are discussed. 


J. Hellman, United Hydraulics, Inc., Dayton, Ohio 


Electrical Manufacturing 1958 January p 74 4pp 


Control 
Theory 

Design Considerations 
Specifications & Standards 


Your Classification 


The Anatomy of Automation—| 


Systematic approac h is made to classify and define automatior 
concepts in four main categories corresponding to the human 
machine—skeleton, organic structure, nervous system = and 


brain. In Part |, the authors deal with energy and informa 
tion, automation areas, orders of automaticity, production 
as the skeleton. And with modes, 
and tactors of manutacture 


objects, agencies, aspects 


as the organs 


George H. Amber and Paul 5S 


Amber, Consulting Engineers, 
Detroit 35. Mich. 
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(2) An indexed, subject-classi- 
fied annotated reference to the 
article that can be easily clipped 
for pasting and filing on stand- 
ard 3x5 cards. 


tion. 


Materials, Mechanical Structural 
Nonmetallic Materials 

Design Considerations 
Thermal Design Factors 


Your Classification 


Heat Resistant Laminate For Supersonic 
Airborne Equipment 


\ preliminary evaluation of new types of felted 


henolic laminates de veloped to cope with severe structur 


eat problems in systems and components desig 


Fk. Jahns, Jr. Continental-Diamond Fibre Co 
idiary of The Budd Company, Newark, De 


Electrical Manufacturing 1958 January p 84 2pp 


Product Design Case History 


Your Classification 
Miscellaneous 


Light Energizes Control in Self-Setting Camera 


} ip y i and i 
i olto tl popular ame 
W Na i n v sarily 
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Components, Electrical/ Electronic 
Contact Devices 

Product Design Case History 
Electronic Apparatus 


Your Classification 


Thermal Relays Perform Unique Functions 


\ detailed description of the working principles and internal 
design of three basic types of thermal relays having different 
operating characteristics. Bimetals were avoided, and_ all- 
metal sealed construction with external adjustment was 
ac hieved in the new designs | nique properties ot precision 
thermal relays are translated into specific circuit functions 


J. D. Marks, G-V Controls, Inc., East Orange, N. J 


Electrical Manufacturing 1958 January p 109 3pp 


Space is provided for insertion 
of your own subject classifica- 


If you want to adopt the 
ELectricAL MaNuFACTURING Func- 


tional Subject Classification, a 
copy will be sent to you without 
charge. Just circle No. 736 on 
the Reader Inquiry Service Card 
on page |7. 


Components, Electrical Electronic 
Magnetic Components 
Storage Devices 

Materials, Electrical / Electronic 
Magnetic 


Design Advances from Magnetism Research 


Your Classification 


Recent developments ! <ott ignety 4 

applications; permanent aignet design; thin magnetic hims 
and r elements er r r 

g crowave € nd} g pul 4 4 

1 957 AIEE ¢ Mag 

William Ar \ss | ELECTRICAL MANI 


FACTLURING 


Electrical Manufacturing 1958 January p 86 15pp 


Testing 
Production 

Instruments and Test Equipment 
Design 


Your Classification 


Automatic Testing, Data Recording, and 
Statistical Analysis System 


Electrical Manufacturing 1958 January p 104 5pp 


Instruments and Test Equipment 
Control 

Design Considerations 
Human Engineering 


Your Classification 


Novel Information Display System 


Design of a color-coded information display system for control 


panels and consoles. Up to four colors may be provided in 
each information irea to depict different bits of 
information concerning a given operation or device. Applica- 
tions include annunciator boards, games, utility and process 


control panels 


An ELECTRICAL \ AaNUFACTURING Staff Report 


Electrical Manufacturing 1958 January p 114 2pp 
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There’s a Good fhecuas why 
ZINE piecastincs — 


are so widely used... 










ee . 
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" FLEXIBILITY 


TWO DIFFERENT MODELS OF THE SAME MACHINE FROM THE SAME DIE! 


—including inserts, mounting studs, holes and 


projections that save so much time in assembly. 


Both of these housings for the SWINGLINE 
feather-touch electric stapler were made in the 
same die by using a cut-off section to eliminate 
the long anvil of the standard model. The short 
stapler is for industrial, laundry and dry- 


cleaner use. 


This FLEXIBILITY of die casting with 
ZINC offers a great variety of time-saving and 
money-saving advantages — almost certainly 
some that can be applied to your products. 


See your die caster and get his advice. 
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French Applications Research 
for Aluminum Conductors 
aluminum con 


European research in 


ductor wire has been in some. dire 
tions more active than in the United 
States. Some recent successful appli- 


ations of anodized 


aluminum conduc 
tors for high-temperature operations 
have been reported through our French 
follows: 
pumyp 
sodium at 500 C) 

Klvstror 
Vibrator 


L. Welder 


correspondents as 


| I iectromagneti lor liquid 


winding LOO ¢ 
50 ¢ 


transformers 


Capstan motors 
\ccording to the producers of the 
n I iwtors. excellent stabil 
is beer chieved it the hat 
era y peratures indicated 





tT er here \¢ ht t paramount 
onsideratior i lift electro 
enets \ special brazing solder 
identified as BNC. has been found to 
provide satisfactory copper-to-alu 
mil yond thus vercoming the 
or 0 ter | prot lems encoun 
tered itl iluminum Maximum se 
ti ot the inodized aluminum = con- 
jucto ) ! France s 50 
Ultrapure 
Metals 
Highly purified ingots (laboratory 


size) of niobium, zirconium 
related 
Westinghouse 


Laboratories by a 


titanium 


molybdenum and alloys are 


being prepared at the 
Researe h process 
called “levitation melting.” Compressed 
metal powder is placed within a copper 
coil that carries a high-frequency cur- 
Direction of the 
versed nearly a million times a second. 
The field 
floats the 


it into a 


rent current is re 


generated within the coil 


metal charge and converts 


white-hot molten mass in a 


matter of seconds. Temperatures of 
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Research 
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1500 to 5000 F are achieved in 30 sec 


or less. 
T he 


within 


entire carried out 


process is 
a sealed glass vessel containing 
as helium or 


an inert gas such 


Normal 


objectionable 


argon. 


melting proc esses would he 


since such metals as 


niobium and titanium are among the 


most active elements known and would 
with the ma 


tend to react chemically 


terials of any vessel in which they are 
melted 
The levitatior elting techt que aj 
ears t have inusually signif nt 
wearing on research in niobium = and 
»hbium alloys here is considerable 





Experimental Thermionic Energy Con- 
verter: Several versions of a new therm- 
Dr. Volney 
C. Wilson and constructed at the General 
Electrix 
mental 


ionic converter designed by 


Research Laboratory. 


Experi- 
units have already exceeded 8 
per cent efficiency. Favorable results have 
been achieved due to new approaches in 
design of cathode and anode, selection 
of materials and gas environment. Future 
practical applications seen as a “topper” 
for existing generating 
for atomic 
energy 


efficiency 


systems; topper 


extraction; solar 


conversion device. A 


energy 
s0-per cent 
is ultimate objective. Present 
final unit will produce 2 volts per cell. 
but may be cascaded. 





opinion that niobium may become an 


t 


outstanding 


strength 


high-temperature. high 


structural metal. Extremely 


pure materials, such as obtained by 


the levitation melting. are required for 


fundamental research. 


British Research in 
Scientific Instruments 





Some hig nstruments and 
f mjues it the recent 
Open Days” of the British Scientifi 
Instrument Research Association are 
reported by our correspondent 


por or The pparatus 
eX < sed or Itiple te 
r i erfero t ind i ¢ 
( ite vhe the ipPcire t k ness 
' ' 1 
- At pres¢ seems to 
} } | ’ ] 
ippilica é miv te rete Hi I -pare 
etal <, Ma ¢ rt ¢ 
fil lopted industr 
> / r 
] g ds 
g s: Gold films on glass a 
ised hig te perature eas 
s. Microscope slides are co 
wit! =<1I1VeT paste. silver electrodes reé 
lipped ¢ the ends nd mto I 
silver paste. and the whole is fired. 
thus firmly anchoring the electrodes 


The gold 


lass ind over the 


film is then ev iporated onto 


} 
electrodes 


B& Thickness gages 


based on two 


One 


device is 
micrometers with pneu 
matic sensing ends. Reproducible read 
small fraction of a 
Has 
contact 
Another 
for measuring metals. particularly lead- 
sheathed This 
on a differentially 
Sensitivity 


ings to a micro! 
advantage of not 


with 


ire obtained. 


being in object being 


measured device is intended 


cable. device is based 


wound transtormer. 


is given as 0.25 per cent in 
sheath 


Sensitivities at other 


wall thickness at a nominal 


thickness of 0.1 in. 


9 
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thickness said to be similar. The device 
uses supply frequency and depends on 
eddy currents induced in the sheath. 
It is used during cable extrusion. 


& Flowmeters: Still in experimental 
stage are electromagnetic and_ ultra- 
sonic flowmeters. The first is intended 
for measuring flow of liquids of rela- 
tively low impedance. Voltage devel- 
oped between the two ele trodes is pro- 
portionate to the flow rate. The ultra- 
sonic device is to be used where probes 
are not permissible: exhibited model 
was shown measuring 20 gal per min 


in a 2-in. diam pipe. 


Research Notes 


Prototype Range Uses 
Eddy Current Heating 


Research progress in any one area does 


not necessarily obsolete established 
designs or techniques. The emergence 
of induction heating for oven cooking 
has spurred work in similar “cool” and 
fast processes for surface-heating units. 
Based on development work in Ger- 


many, a 3-burner prototype model 


range utilizing the principle of eddy 
current heating has recently been dem- 
onstrated here by Tuttle and Kift, Inc., 
a subsidiary of Ferro Corporation. It 
will be studied and tested for possible 
commercial application. 

Design details: 


burner, has its own vertically mounted 


Each heating unit. or 


motor driving an eddy current disk just 
under the Heating is ac- 


complished by the currents induced in 


surtace. 


the container set on the unit. with the 
amount of heat controlled by raising 
and lowering the disk under the unit. 


Advantages are immediately apparent 


heating is extremely fast and the 
heating unit never actually gets hot. 
On the other hand, the unit is heavy 
and noisier than a conventional heat- 
ing unit. Moreover, glass and other 
nonmagnetic cooking ware are ruled 
sidelight is the 


ease with which appliances such as 


out. One inte.esting 
blenders. mixers and juicers may be 
energized simply by setting them on 
top of the unit. 


Superconductivity 
Transitions Study 


The superconductive phenomena  as- 


sociated with metals at cryogenic (very 
low) temperatures are subject to 
transition behavior, according to studies 
reported from the National Bureau of 
Standards Cryogenic Physics Labora 
tory. It has been found that resistance 
can be made to reappear even at super- 


conducting temperatures when a large 


The Dielectrics Stem in Magnetism Research 


In the last 50 vears. de spite some oce asional 
joint problems, the experts In magnetism 
and dielectrics have usually pursued sep 


; 
arate paths. Specialists in magnet wire 


enamels. cable wrappings, paper and _ plas 


ation, and capacitor dielectrics 
entered ito discussions of 
time, coercivi 

inisotropy. The develop 
materials for trans 
generators and telephoni 
n the hands of 

ectri materials 


ind ceramists 


ontemporary phenomenon, we 
inessing il normous interest 

lagnetism and magnetic phenomena on 

the part of dielectrics and electrical in 
sulation specialists This was reflected by 
nsulation scientists who 

the recent Conference on 

held in Washington, D - 
Hippel and his colleagues at the 


ratory for Insulation Research at 


I ha 


further stimulated this in 
a review article, “Dielectric 
Spectroscopy of Ferromagnetic Semicon 
luctors.” (Rev. Mod. Phys. 29, 279-307, 
1957). Finally, the classic text, Van Vleck’s 
“Flectric ind) Magnetic 


issued in a revised edition. 


suse eptibilities.” 


is being 


e Historically, this relationship between 
dielectrics and magnetism goes back a full 
entury. Faraday. who first catalogued the 
dielectric constants of liquids and_ solids, 
ind associated the values with the nature 
of the materials, also discovered the mag 
neto-optic effect that bears his name. Thus 
he investigated the degree to which a beam 


of polarized light (passed through a trans- 


parent medium) was affected by a mag- 


netic field 


@ Kerr has to his credit the discovery of 
two phenomena, one in the field of di 
electrics and one in magnetics. In the first 
he established the effect of an electric field 
causing a liquid to become optically aniso 
tropic and doubly refracting: in the second 


he noted the rotation ced 


effected a 
concatenated 


vave propogatior 


recent vears. Snoek’s important work 

the ferrites had a powerful bearing 
on the association between dielectrics 
magnetism. Not only were the oxides which 
he developed magnetic but they had 
sistivities twelve orders of magnitude 
er than that of the metallic magnets. As 
result of this they have been success 
fully employed in high frequency trans 
formers where normally the eddy 


losses would cause 


current 
( itastrophic failure 
synthetic 


Snoek’s materials (which are 


spinels) are not dielectrics in the sense 
that insulation specialists use the word; 
104-105) ohm-cem 


instead of 10!8 ohm-cm: their dielectris 


their resistivities were 


constants at 60 cps, 2000-100.000. inste id 
of 2-10: and their dielectric loss factors 
1000-200.000, instead of 0.00005-0.03 


e@ With the increasing interest in ferrites 
having the crystallographic garnet structure 
(instead of that of spinel) a = significant 
move in the direction of higher electrical 
resistivities has appeared. These garnets 
have resistivities of 10!2 ohm-cm and in 


all likelihood can be 


also magnetizable and consequently 


made higher. They 


ssess integral properties. One of the most 
interesting is the internal Faraday effect 
found in this material. If, instead of visi- 
ble light. microwave radiation is employed, 
a cut-off or switching device for high- 


frequency radiation bece available 
Thus the development of high quality di 
electric ferrites leads to ad 


communications fie ld 


Jineere 


ferroelect 


e Fina 
mect al 
ferrites 

of the 

the mati 

which could becor 
excess of iron results 
which could become 
elopment of product 
p-n junction characteristics 
magnetic properties is obviously 


to dielectrics specialists 


e These phenomena of materials possess 
ing significant magnetic and dielectric 
properties are, of course, not the only 
reasons for interest in magnetism by di- 
electrics specialists. The “Twistor,” the 
new Bell Telephone Laboratories magnetic 
memory device, requires thinner, tougher 
insulation on the conductor strands. Newer, 
faster-switching toroidal cores also require 
insulation that can be bent more sharply 
Furthermore, encapsulation without impair- 
ment of heat transfer is becoming increas 
ingly important. These are more conven 
tional but equally important problems to 
the dielectrics expert interested in modern 
magnetic advances. 


THOMAS D. CALLINAN, Research Center 
International Business Machines Corp. 
Poughkeepsie, New York 
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WIDE-VUE 


panel instruments 


a new concept 
in styling and visibility 


SELF SHIELDED MOVEMENT 
ELIMINATES CALIBRATION 
PROBLEMS... 


All stock DC Wide- —; 


available in stock and custom-built units! 


The clean. graceful lines of “Wide-Vue” panel instruments add 
two plus values to your equipment designs. First, style—ultra- 
modern beauty that blends with today’s streamlined panels. Sec- 
ond. functionalism—longer scales with wide-angle readability. 
The 21,” size. for example, has the same scale length as a conven- 
tional 314” meter. W ide-Vue’s durable cover 1s formed in one 
piece from clear plastic. and can be supplied with black or color 
(custom-built units only) finishes. DC, AC, and AC rectifier 
types in 2144”, 314”, and 414” sizes. 


Vue meters use the \ 
Simpson self shielded b 
Core Magnet Meter 
Movement, except the 

0-25 and 0-50 DC 
Microammeters and 

V. U. meters. 


COC eee eee eee EEEH E+ OOEES 


See your Electronic Distributor for 


on stock Wide-Vue meters... 
over 130 ranges and types to choose from! 


SIMPSON ELECTRIC COMPANY 


5200 W. Kinzie St., Chicago 44, Illinois aS 
Phone: EStebrook 9-1121 UT eee 
in Conada: Bach-Simpson Ltd., London, Ontario i aU 


Re Less 
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electric current is sent through a super- 
conductor or when a sufficiently strong 
magnetic field is applied. The super- 
conducting transitions were investigated 
at liquid-helium temperatures in micro- 
scopic tin filaments or “whiskers.” Re- 
sults obtained with the small filaments 
were markedly different from those for 
larger wire. thereby establishing the 
importance of size effects in super- 
conductivity. 

The NBS dealt 
initially with the determination of the 
magnitude of the magnetic field that 


destroys superconductivity (in effect. 


investigation has 


restores resistance) at various tempera- 


tures. Measurement of filament re- 


sistance at various field 


magnitudes 
was carried out by a relatively simple 
bridge method. Preliminary operations. 


however. involved suc h 


complicated 
processes as growing the whiskers. de 
detaching and 


mounting them. providing a 


signing a device for 
region of 
controlled temperatures. and applying 


a uniform magnetic field 


New Plastics Materials 
and Test Methods 


> | 
Research in new materials 
techniques 


papers il 


Technical Conference of The Society of 
Plastics Engineers.  Inc.. 
28-31. Detroit, Mich.). 
highlights: 


(January 
Here are some 


& Strain gage 
resins: New evaluation technique de- 
veloped by R. N. Sampson and J. P. 
Lesnick, Westinghouse Electric Cor- 
poration. utilizes a strain-sensing ele- 


evaluation of casting 


ment that contains tiny wire-bonded 
laminates as strain gages. The device 
has been used to obtain data on the 
differences between rigid and flexible 
effects of 
changes in the curing cycles: 


casting formulations: the 
stresses 
caused by resin polymerization: and 
the effects of various fillers. hardeners. 
and resin combinations. The informa 
tion can be used to compare different 
resin compounds or to determine the 


results of a variation in composition. 


B® WVolded shrinkage and dimensional 
stability of nylon 6: Used extensively 
in Europe. this type of nylon molding 
material is comparatively new in the 
United States. Evaluation data are 
being presented by J. M. Verdi and 
R. F. Flaherty. Barrett Division. Allied 
Chemical & Dye Corporation 
molded 


variety of conditions in order to provide 


Simple 
solid shapes were under i 
an estimate of molding shrinkage of 
Shrinkage of 


6 can be varied over fairly wide limit- 


commercial parts nvlon 
by varving molding conditions. Annea 
ng will tend to minimize 
n mold shrinkage as 


itions in 


differen 


molding conditior 


Zatior 


Studying Stress-Corrosion in Stainless Steel: Growth of submicroscopic erystals on 


stainless surfaces may provide key to mechanism of stress-corrosion cracking according 


to Westinghouse Research 


Laboratories scientists. 


growth of chromium oxide whiskers, about 


(left) 


one billion per sq. in. of surface. By 


Photomicrograph show - 


prestressing the steel and adding a slight trace of chloride ions to the atmosphere. 


the whiskers are changed to delicate sheets or platelets of 


erystals (right). This 


phenomenon supports the well-known fact that chloride ions are a major factor in 
stress-corrosion cracking of stainless. Growth of these platelets is believed to lead to 


a chemical cutting of the metal surface and ultimate failure. Platelets 


microinch thick and 120 microinch high. 
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are about 05 


crystallization and 
shrinkage of thin section moldings. 


controlling the 


& Polyvinyl chloride pearls: A new 
PVC resin (Pearl PV) in high. medium 
and low molecular weights is described 
by Escambia Chemical Corporation 
(R. S. Holdsworth, W. M. Smith and 
J. T. Barr) with indicated applications 
Plastic 
izer absorption, flow of the resin 
plasticizer blend and the 
rates are good. The insulation resist 


including electrical insulation 
extrusion 


ance Is ac eptable and ages well 

& Formaldehyde polymer resin: New 
data are given on Du Pont’s Delrin 
resin by ] F Cogdell and R H 
Hardesty The new — superpolyoxy 
stiffness 
strength, creep resistance 


methylene combines 


tensile 
fatigue life 
and low coefhcient of friction. A sig 
nificant degree of its desirable prop 
erties. including dimensional stability 
is retained under high temperature- 
and humidity during an extended 
period of stress or during exposure to 


most solvents 


& Fpow esin 


these new 


foams Importance 
foams as a relatively 
class of rigid lightweight materials 1 
reported b M. H. Nickerson. of De 


Bell ind Richardson 


nature. these 


Phermo-set 
foams show high <olve 


ibility to 


resistance ilso withstand 


elevated temperatures without slumpi 


| 
or melting. Foam structures cat 
ompressed and “frozen” in. the 


messed state Ci pressed 


Research in 
Pyrogenics 


State~ 
purpose 
e extremely 
countered 
inpines Temperatures 
in be generated in these furt 
Although by now the basic principles 
the solar furnaces, their character 
istics. and their design features hav 
been established. much has to be done 
in developing appropriate method- 
measuring the physical properties 
the high temperatures developed. |r 
his paper “Engineering Research with 
a Solar Furnace.” P. E. Glaser. Arthur 
D. Little Inc presented before the 
ASME Annual Meeting in New York 
last month. some specific methods were 
described for testing temperature. heat 
thermal 


flux, thermal conductivity. 


expansion, heat content and emissivity. 
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better 
..because the NEW XwA2 SNAPIN 


Gets leads to the printed circuit board 
in one assembly operation; 


Eliminates an investment in expensive auto- 
mation equipment; 


Can be applied to solid or stranded wires; 


Eliminates danger of shorts due to ‘‘solder-bridging’’ of 
insecure leads; 


Has construction details that promote good capillary flow of solder 
during the dipping process; 


Is self-retaining, with no damage to the printed circuit board during pre- 
assembly operations; 


is self-aligning—no further positioning or deformation is required. 


Write today for additional information on the NEW A-MP SNAPIN, the AMP-EDGE 
Connector and other A-MP products designed for printed circuit applications. 


AMP INCORPORATED 


GENERAL OFFICE: 
5212 Eisenhower Boulevard, Harrisburg, Pennsylvania 


Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, 
Canada « Aircraft-Marine Products (Great Britain) Ltd., London, England « Societe 
AMP de France, Le Pre St. Gervais, Seine, France « AMP—Holland N.V. 's-Hertogen- 
bosch, Holiand 


Oistributer in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 
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® Precision 


Potentiometers 
by RATTRAY 


— including 


MINIATURE TYPES 
SUB-MINIATURES 
MULTI-GANG UNITS 
STANDARD TYPES 


HIGH ACCURACY 
LOW TORQUE 


e EXCELLENT 
RESOLUTION 
® LOW NOISE 


Rattray experience-engineered 
precision potentiometers are 
supplied in types that meet most 
electronic applications. Com- 
plete research and development 
facilities, and unique winding 
techniques, make it possible to 
produce custom designs to the 
most critical military and com- 
mercial specifications. All-metal 
construction of mounting and 
aligning surfaces provides pre- 
cise mechanical interchange- 
ability. Precise electrical per- 
formance is obtained by detailed 
quality checks throughout pro- 
duction. Special winding ma- 
chines assure high resolution 
and function accuracy. 


New Handbook 
WEE) 


28 pages of engi- 
neering data on 


Rattray precision 
haha Eee -eS 
with helpful tech- 
Te MLL Laur need 
MMM ee LiL 
ae 





Potentiometers 





Call or write Rattray now for 
catalog or quotations on your 
potentiometer applications. 


GEORGE RATTRAY 
& COMPANY 


A Division of Hardwick, Hindle, Inc. 


116-08 MYRTLE AVENUE 
RICHMOND HILL 18, N. Y. 
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Pius or Minus 


Random Comments of the Editors and Readers 


Mathematics Is Magic 


In case colleague Arrott’s test dis- 
tinguishing mathematicians from engi- 
neers printed in this column last month 
fails to work, you might try an article 
in the January Esquire entitled “Math- 
emagic.” Actually the article is not so 
much a test as a course in a kind of 
mathematical shorthand which. if the 
claims of the author are true, would 
make mathematical wizards out of 
everyone (including engineers) and 
there would no longer be any need for 
distinction—assuming that such a need 
does exist. 

The system described in Esquire is 
taught at the Trachtenberg Mathemati- 
cal Institute. in Zurich, Switzerland, 
and is supposed to permit the proficient 
pupil to multiply two 10-digit numbers 
together faster than calculating ma- 
chines. Boiled down, the multiplication 
process consists of determining the 
vertical rows of the partial product 
rather than the horizontal rows as is 
ordinarily done when writing down 
long multiplication. The fact that the 
numbers in the vertical rows can be re- 
tained in the memory long enough to 
add them to obtain the digits of the 
answer is the advantage of the system. 
but whether or not practice can permit 
a person to calculate faster than elec- 
tronic computers is still (at least to 
this engineer) doubtful. 


Radio Strikes Back 


\ reported trend is that radio receiver 
sales are on the upgrade. whereas that 
of TV sets is down. The TV industry 
at least. if not the set manufacturers. 
may derive some consolation from the 
fact that it may play a part in the re- 
surgence of interest in the purely audio. 
although its contribution may be an 
inglorious one. A recent invention by a 
specialist in an Army Ordnance Labo- 
ratory discloses a method of powering 
radio receivers by energy distilled from 
TV signals. or from other radio signals. 
\ transistor radio using this principle 
has been talking day and night without 
interruption for two years. according to 
i New York Times story. Sternly disre 


garding this opportunity for another 
weak twist on the mother-in-law gag 
we can see the possibility here for 
“audiophiles” to derive some sardoni 


satisfaction from having their equip 
ment powered by high energy tooth 


paste commercials and adult westerns 


‘em: 
Design for 
Human Factors 
The application of sound  human- 
factors design principles to military 


equipment is by now standard practice. 
The extension of these principles to 
nonmilitary equipment (household ap- 
pliances. for example) is. by general 
consensus. highly desirable. 

But it is far easier to state our ob 
jective than to reach it. What approach 
do we take? 

One approach is to critically un- 
cover a design “condition” where i 
ferior, not to sav downright. bad 
design exists to the detriment of the 
ultimate user. It would be presumed 
that the engineer would on his own 
initiative trv to rectifv the situation by 
opposing meretricious design influence 
from management. would try to impose 
human factors specifications on vendors 
of component parts. would insist that 
the sales department use modern moti 
vation research studies to obtain valid 
rather than the usual spurious “con 
sumer preference” survey results. Con- 
fronted with examples of — poorly 
designed products contrasted with the 
same products redesigned on the basis 
of sound human engineering principles, 


the engineer would be expected = to 


critically reappraise his own work. 
But is it enough (at this stage of 

human engineering practice) to point 

out the human engineering defects in 


a stated piece of equipment and pro 
pose a redesign. Shouldn't we be 
cognizant of the “internal” engineering 
problems that led to the original in 
adequate design? What was the engi- 
neer faced with in terms of so-called 


“yractical” manufacturing practice? 
What was the influence of sales policy? 
To what extent was he allowed to do 


real engineering? Was he merely an 
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A 


We mint 


\ 


ALAS MACe)t Tan Cesena 


in mind! — 


is Just like another of its kind - 
iature precision on a magnificent scale. 
J. S. A. money is beautiful, durable. 


If your money comes from making 
precision equipment, you'll want to 
know more about the profit-produc- 
ing powers of Miniature Precision 
Bearings. These bearings improve 
instrument sensitivity and reliability 

heighten values and often cut 
costs. 


Now possibility and perfection can 
replace impossibility and imperfec- 
tion. There are MPB bearings from 
3%” O.D. down — precise within 
limits one-third the thickness of a 


JANUARY 1958 


min- 


jiature precision. 


postage stamp! Despite its minute- 
ness every ball in an MPB retainer- 
type bearing rolls in its own coined 
pocket. Even under extreme temper- 
ature changes MPB bearings run 
smoothly, helping your product 
deliver continuous precision and top 
performance. 

If miniaturization can help you, so 
can MPB. Over 500 kinds of bearings 
— specials if you need them. And we 
are ready with the world’s broadest 
miniature bearing experience (we 
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ONE BEARING 
— if it’s an MPB bearing — is exactly like any 
other of its kind, minted with magnificent, min- 


own the mint!) to solve your prob- 

lems and help you mint ideas. Write 

to Miniature Precision Bearings, Inc., 
601 Precision Park, Keene, N. H. 

| 

| 


Lcctacaiedie 


MINIATURE PRECISION BEARINGS | 
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MINIATURE 
POGUE ESC | 


POUR tae 
from stock! 











MIL CASE (M-AG) 
Hermetic. Ceramic compression 
terminals 1’‘xl‘'xl14%"'H. Wt. 2% 
oz. MIL-T-27a Grade 4, class R 


e¢ 
, a ~ 
Gs 
HERMETIC (M-H) . 
High compression glass termi 
nals. Drawn hermetic case 1'4"' 


slot mtg. '5\,"' dia.x17/,,''H. Wt 
1'4 oz. Baked grey enamel. 









WR, 
a MOLDED (M-M) 

Epoxy cast. Resists environ- 

mental extremes, for plug-in 

Printed circuits, .040 pins. 74" 

x 1%2" x %4''H. Wt. 1% oz. 


4 
2 


POTTED (M-A) 
Aluminum case. Lug terminal ; i 
board, '/4'' mtg. with 2-56 . 
screws, "4"' dia. x 14,''H. Wt. 

1% oz. 













PLUG-IN (M-P) 

Octal plug base. Sealed plastic 
housing 13%4)°' dia. x 1'%)°'H. 
Wt. 2 oz. 


OPEN FRAME TAB MTG 
(M-FPB) 
Miniature size. Resin impreg- 
nation, 4°° color coded vinyl 
leads, 14,4" x 1%4'" x 27A2'‘H. 
Wt. 1'% oz. 








OPEN FRAME (V/M-F) 


Veri-miniature size. Resin im- 
pregnation, 4° color coded 
leads for dip soldering. %/\,4''x 
xe’ H. Wt. .16 oz. 









OPEN FRAME (UM-F) 


Ultra-miniature size. Resin im- 
pregnation, 4’ color coded 
leads: for dip soldering %** x 
1142’ x%’’H. Wt. .08 oz. 


e STOCKING DISTRIBUTORS 

Los Angeles, Calif., Graybar Electric Co 
Oakland, Calif., W. D. Brill Co. 

Hartford, Comn., Moses Radio Electronics Co 
Washington, D.C., Kenyon Radio Supply Co 
Cambridge, Mass., Electrical Supply Corp 
Minn., Minnesota., Harry Starks, Inc 
Jamaica, WN. Y., Peerless Radio Dist 
Mineola, WN. Y., Arrow Electronics Inc 


Write TODAY for catalog and price list 
of the complete MICROTRAN line. 


MICROTRAN 


company, inc. 
145 E. MINEOLA AVE., 
VALLEY STREAM, N.Y. 
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assembler of commercial components 
purchased from various vendors with 
production rates and sales margins the 
prime factors? Was he also the victim 
of spurious so-called “consumer” sur- 
veys that always seem to provide sales 
and = marketing departments — with 
“proof” that the consumer always has 
and always will prefer the inferior 
product with a minimum, if eny, of 
human engineering features? If we 
ignore these points. aren't we merely 
superficial ? 

Practical 


would recognize the validity of this 


“hardware_ engineers 
position, but they should not be trapped 
into a state of design defeatism. 

It would be fatal to human engineer- 
ing progress in the field of nonmilitary 
products, if we allowed the so-called 
“practical” engineers to say, in effect. 
“Sure. we agree. but were hamstrung 
by bad management practice. by proht 
and sales considerations. consumer in 
difference. not to say stupidity. so what 


>. 


can we do? 


Congratulations to STWE 


The Society ol echnical Writers 
STW) and the Technical Writers and 
Editors (TWE have recently com 
hind to form STWE (Society of Tech 
nical Writers and Editors) and the 
first convention of the new organiza 
tion was held in New York. Nov. 13-15 
According to all reports and to a brief 
in-person view. the conclave was a big 
success, numberwise and contentwise 
two words of which we assume and 
hope STWE would not approve. 
Congratulations to the new organi 
zation, not only because it represents 
our own calling. but because it is a 


refreshing thing anvwhere these days 


This Month’s Cover 


Magnetic writing on thin films of 
manganese bismuth shows promise for 
computer memories with ultimate capa- 
bility upwards of 250,000 bits per sq-em 
and non-destructive readout. Numbers 
were written with fine magnetized wires: 
one end writes light, the other dark 

as viewed microscopically under one ro- 
tation of polarized light, just the op- 
posite under opposite polorization. Credit 
to Bell Telephone Laboratories. See “De- 
sign Advances from Magnetism Research” 
starting on page 86. Model for computer 
sketch is IBM 704. 
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to encounter the joming of two groups 
when such a merger requires the 
friendly compromise of some individual 
characteristics on the part of — the 
participants. 


Gyro Performance 


. . heard a story about two engi 
neers from Sperry or someplace who 
mounted the biggest gyre they could 
vet in a small suitcase together with 
batteries, etc. Took it to Penn Station, 
gave it to a porter and said. “Follow 
us.” Everything was fine until they 
turned a corner and the suitcase tried 
to stand on end. At this point. the 
porter left for parts unknown and has 


vet to be heard from! 


Coming Up — Miniaturization on 
several minus orders of magnitude is 
seen for digital computers using ¢ryo- 
genic devices using superconductor- 
that are sensitive to magnetic fields 
theory of operation and basic principles 
are to be discussed in February Evre 
rricaL MANurACcTURING. Other items 
Control 
| 


system for machine tools——achievement 


include Bendix Numerical 
of minimum weight in toroidal magnetic 
cores—performance of the newer type- 
of fiber insulation on magnet wire 
microwave properties of solids—design 
of inputs for synchro systems some 
example of formed materials for mag- 
netic shielding application factors for 
carbon brushes for motors and genera 
tors—-what can be accomplished with 
chromate conversion finishes 


Electrical 
Manufacturing 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 7 
pages. 
To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 
Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 
Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by March |, 1958 
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‘oloiife 70+ 


RESISTORS 


-.»A NEW SERIES OF COLD-MOLDED 


\ 
\ 


\RESISTORS DESIGNED FOR THE MOST 
iS STRINGENT REQUIREMENTS 


d ™..! 
Se 
“Ir >>. 


\ 
ee 
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Characteristics of Stackpole Coldite 70+ 

Resistors far exceed requirements of MIL-R- 

11B, Amendment 1. The performance records 

in the tables on the next two pages speak for 

themselves. Recent developments in Stack- 
pole’s unique cold-mold resistor 
processing methods achieve new Turn Page for 
standards of reliability with truly 4 . 
outstanding performance in such es- Engineering 
sential characteristics as load life and Data 
moisture resistance. 


TYPE RC-20 
VY, WATT 


TYPE RC-32 
1 WATT 


TYPE RC-42 
2 WATTS 


New, Coldite 70-- Resistors are now available 
in MIL-R-11B Styles RC-20 (1/4-watt) RC-32 
(short 1-watt), and RC-42 (2 watts) . .. in all 
standard resistance values . . . and at regular 
resistor prices, 
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STACKPOLE (0/o//e 70* 
ae RC=20 ne sl 
2 8 2 | @ 


Average Percent Resistance Change 


10 ohms 270,000 ohms 22 megohms TH ESE i PECS 


COLDITE 70+ | MIL-R-11B] COLDITE 70+ | MIL-R-11B | COLDITE 70+ MIL-R-11B 


RESISTANCE-TEMPERATURE 
CHARACTERISTICS 
1 5. @ —15°C 
J 15.0 16. @ —55°C 
J 5.0 3. 
2 3. 


ae 73 
3. 

i @ +65°C 
i 10.0 @ +105°C 


VOLTAGE COEFFICIENT 


0.05 | 3.0] 0.1 3.0 | 0.2 3.0 


LOAD LIFE at 70°C 
6.0 ; Pica Malti a; 
6.0 ; é after 250 hours 
6.0 ; Flaca Malti es 
6.0 . Faecal imate] 


1.0 : 1.0 LEAD TWIST TEST 
3.0 3.0 EFFECT OF SOLDERING 


All Stackpole Type RC-20 Coldite 70~ Resistors withstand standard 
tests of 700 volts r.m.s. at atmospheric pressure for 5 seconds as 


well as 450 volts r.m.s. at 3.4 inches of mercury for 5 seconds DIELECTRIC STRENGTH 


without damage, arcing, or breakdown 


All Stackpole Coldite 70~ Resistors withstand the standard 5-pound 
pull test ' ve SECURITY OF TERMINALS 


TOPS IN SOLDERING TOO! 
BR : Thanks to an extra solder coat- PACKAGED for AUTOMATION 


ing—applied as the final step in 
manufacture after the usual tin- For tast, convenient assembly . . . 
lead coating— Stackpole Coldite . manual or automatic . . . Stackpole 
70+- Resistors solder perfectly Coldite 70+ Resistors are sup- 
by any method .. . dip or iron. ? ; plied either in Reels, or Strip- 
Moreover, the effects of normal solder- ’ pack as required, 

ing heat on Coldite 70-+ Resistors causes 

average resistance variations far below 

today’s critical requirements. 





STACKPOLE (o/i/e 70 


TYPE RC-32 (1-watt) 7 
4 ‘ 


' | | 

\'t—+- 5 —— 
SSS 

Average Percent Resistance Change 


—— 


10 ohms 270,000 ohms 22 megohms 


COLDITE 70+ MIL-R-11B | COLDITE 70+ MIL-R-11B | COLDITE 70+ M 


ip ; : ; 6.7 
3. : : 15.7 
Bi ; , 4.0 
2 3.7 


not applicable 0.0068 | 0.0200}; 0.0160 


0.1 2.0 0.1 2.0 1.0 
0.1 3.0 0.2 3.0 0.5 
0.1 4.0 1.1 4.0 0.2 
3.7 10.0 7.4 10.0 3.2 
0.2 aa 0.13 


1.0 
3.0 


All Stackpole Type RC-32 and RC-42 Coldite 70 
for 5 seconds os well os 625 


Resistors 


All Stackpole Coldite 707 


1,4 


Aititat 


off 


withstand standard tests of 1000 volt 


volts r.m.s. at 3.4 inches of mercury for 


STACKPOLE (6/oif/e 70! 


re ¥im 42 (2-watts) 
ae tipeash 


Average Percent Resistance Change 


10 ohms 120,000 ohms 22 megohms 


COLDITE 70+ MIL-R-11B | COLDITE 70+ MIL-R-11B | COLDITE 70+ 


9.8 
22.7 
7.2 


es 
3. 
1 

2 8.0 


5 
0 
0 
0 


not applicable 0.0200] 0.0177 


0.2 2.0 , 2.0 1.3 


0.1 3.0 ‘ 3.0 0.7 
0.1 4.0 
1.4 10.0 
0.1 a 


0.03 
1 ' 0.07 


0. 

1. 

1. ! 

a 2. 1 
0. 

0. 


r.m.s. at atmospheric pressure 


5 seconds without arcing, or breakdown. 


Resistors withstand the standard 5-pound 


ro 
{ 4 
= 


7 2 
25 oe 
220 


ke 


le TO ti 


Electronic Components Division 


SAMPLES... 


for your critical appraisal 


Ntws NEW: 


available either from 


your local electronic ke 
parts distributor or direct from Stackpole. ~ ws TS 


5 
i 
oe 
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STACKPOLE CARBON COMPANY, St. Marys, Pa. 


In Canada: Canadian 
Ltd. 550 Evans Ave., 
Toronto 14, Ont. 


Stackpole 
Etobicoke, 
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FOR NEATER, MORE DEPENDABLE INSULATION ... EVEN IN DIFFICULT AREAS 


FIBREMAT pulls down tighter 
layer to layer on straight sur 
faces... for less bulk, leaving 
more room for added conduc- 
tors in the slot cell. 


FIBREMAT fits 
FIBREMAT conforms to snugly into the 
full 90° bends around coil ¢ : corners of this 
edges for freedom from wound bobbin, 
gaps and bulges, tighter y saving space and 
layers and neater : / preventing wire slip 
appearance. page... assuring 
more reliable 
performance. 


‘ 


IRVINGTON 


@ Are you getting all the protection you pay 
insulating tapes? 
WOVEN CLOTH Yes, if you choose Irvington FIBREMAT. 

FIBREMAT is a new idea in insulation—a tape with a non 
el woven polyester base. It stretches for secure fits . . . it cor 
eres rere forms for neater appearance... with no rupture of the 

ASE tT KN en varnish coating that causes dielectric loss. Additionally 
7 : 

; 4, eek A TSK - with moisture absorption virtually eliminated. FIBREMAT 
FIBREMAF 9 ; eee ae eee 
Ly Md ] can give up to 4 increase in dielectric with no increase in 
tty + \ : a 


5 a, AISA LS Sry over-all dimension of the finished unit. 


1~* 


a 


iF 


FIBREMAT is recommended as insulation for generators, 
transformers, cables and electric motors. Its dielectric 
Nattns Chow <tetching tie woven clot elonmates the strength is 1650 V.P.M., and it is available in 7 and 10 mi 
fibers and increases their cutting action. In contrast thicknesses. Your 3M salesman will show you how Irvington 
when FIBREMAT is under elongation it maintains its FIBREMAT suits your application better than any other 
position relative to the insulating film, eliminating the insulating tape. It’s just another of 1001 reasons why 


ee ee ey ee ee IRVINGTON MEANS INSULATION INSURANCE 


> Tension Tension 


Trade Mark 


t= ra 


at > =» 
RR V I WN G@ : k ' O WI DIVISION 53: MINNESOTA MINING and MANUFACTURING CO 
+N se’ 


ee 
9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
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...to meter-relay dependability 


The only truly dependable meter-relays are those built with locking contacts. For lasting, 


reliable contact action, meter-relay contacts must make firmly and break cleanly, every time. 


Locking 


Spring 
Coil 


action 
Action 


LET'S CLEAR THE AIR 


\ Ke tt 


PRIMER STUFF, BUT PERTINENT 


HERE'S HOW LOCKING PAYS OFF 


co CC 
Non-lochk 


~ . 
\1 


GET YOUR MONEY'S WORTH 


ito do h ndt 


I YOu WO 


ASSEMBLY PRODUCTS, INC., 75 wilson Mills Road, Chesteriand 14, Ohio 


Telephone: (Cleveland, 0.) HAmiiton 3-4436 e¢ TWX: Gates 


M 


ills, Ohio 25-U 
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Magnetic Metals Company designs and produces 
Stamped and tape wound cores and shields 
for the electrical and electronic industries 





The ultimate in tape wound cores 
CENTRICORES 


Precision manufacturing methods are 
used to obtain closely matched magnetic 
characteristics, including high thermal 
stability. Centricores matched at room 
temperature will remain matched ove 
wide temperature ranges 


bm SEND FOR BULLETIN D7. 


Mass-produced . . . Precision-made 

Magnetic Core Laminations 

Motor laminations are produced to close 
specifications from customer-owned 

dies. Our representative will discuss yout 

needs. Transformer laminations in a 

wide variety of shapes and sizes are 

made from standard dies . 


bm SEND FOR BULLETIN Al. 


Drawn or formed 
MAGNETIC SHIELDS 


Provide efficient protection of sensitive 
electrical equipment against stray mag- 
netic fields, and effect a high ratio of 
ield strength reduction. A wide range 
of single and multiple shield structures 
are available from existing tools. 


m SEND FOR BULLETIN F1. 


 MNGNETIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 21st ST. - CAMDEN 1, N.J 
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1,500,000 CYCLE 


nig 


NO SEEPAGE | 


TUR CART RTA 3 


Waa: 


(Mane MRE AAS 


R'2iz 


| 
| 
| with GOLD 
Push Button Control “=” Station Switch 


This test simulated conditions much more severe than 
even the most demanding electrical control service would 
ever duplicate. Without once ‘“‘coming up for air,” this 
standard GOLD-N-RING 2-unit control switch was im- 
mersed in fluid for more than 338 hours, during which 
momentary electrical contact was made 1,500,000 times 
it the rate of 64 cycles per n ute 
This test proved the flexing qualities of the synthetic, 
oil-resistant diaphragm beyond a doubt. It also pointed up 
where servive may the ‘“‘staying qualities’ of the extra-large, heavy-duty, 
be severe... specify illoy silver electrical contacts 
GOLD-N-RING ‘ y If you are looking for a switch that is designed and built 
Push Button Control —_ to keep on performing long after your machine is installed, 


Station Switches... and be sure you'll find we talk your lang 


Ask us to send Catalog ECS-56—or, better yet, ask a representative to call. 


ELECTRICAL MANUFACTURING DIVISION... 


National Acme 


THE NATIONAL ACME COMPANY e 176 EAST 131ST STREET ° CLEVELAND 5, OHIO 
C role 113 om page 17 
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Sand... heavy rain...extreme heat... 


Nothing stops 
These Westinghouse 


dependably driving oil well pumps in Odessa, Texas 
district of The Atlantic Refining Company, 
24 hours per day, 7 days a week! 


‘“Here’s an application,” says A. P. Johnston, 
production engineer at The Atlantic Refining 
Company, “where we must have continuous 
motor operation . . . sometimes for as long as 18 
months . . . with virtually no maintenance or 
repair. Many of our pumping stations are re- 
motely located, automatic and unmanned. Any 
stoppage or motor failure would result in the 
loss of several hundred barrels of oil. Motor 
repairs in the field are prohibitive in cost. We 
must have complete motor reliability and that’s 


exactly what we get from our Westinghouse 
Life-Line® ‘‘A’”’ motors.”’ 


How about you? Got a really tough motor 
application which you can’t afford to pamper? 
Then ask your Westinghouse sales engineer to 
show you how the dependable Life-Line “A” 
pays for itself through reduced maintenance and 
repair. Or write to Westinghouse Electric Corp.., 
P.O. Box 868, 3 Gateway Center, Pittsburgh 
30, Pennsylvania. 


you CAN BE SURE...1F iT \ Vestinghouse 


On this pumping unit, the 
15-hp Life-Line "A" 
operates in an atmosphere 
of damaging dust, sand and 
moisture. Despite continuous, 


motor 


heavy-duty service, motor 
has never suffered any over- 
heating since first installed. 
Prelubricated bearings 
of the Life-Line A” eliminate 
periodic greasing . keep 
lubricant in... dirt out 
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Your Fel 





ATIONAL brush man 


TRADE MARK 


helped solve this slowdown problem! 


Motor trouble at this 44” steel mill 


caused one costly slowdown after an- 
other, says “National” Carbon Brush 
& Man, John Behen. Source of the produc- 
eh 1. tion trouble — excessive film build-up on 
JOHN BEHEN = one of the mill’s edger motors. 

The mill tried several brushes to alleviate this con- 
dition but with no success. They called in John Behen 
who analyzed the operation and recommended the 
proper “National” brush grade. Result: a 100 ton 
increase in daily production thanks to trouble-free 


eC 


The terms “National”, ""N”" and Shield Device, and “Union Carbide’ are registered trade-marks of Union Carbide Corporation 





motor performance. Incidentally, John went on to solve 
similiar brush problems on 3 of the steel mill's 5,000 
amp motor-generator units. 

John Behen and his fellow “National” Carbon Brush 
Men have been solving industrial brush problems for 
years. Their experience and training — backed by 
“National” long term brush development — make them 
the logical consultants on any industrial brush problem. 

Call your “National” Carbon Brush Man today. Or 
write National Carbon Company, Division of Union 
Carbide Corporation, 30 E. 42nd St., New York 17,N.Y. 





UNION 
CARBIDE 


NATIONAL CARBON COMPANY : Division of Union Carbide Corporation+ 30 East 42nd Street, New York 17,N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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Du Pont ZYTEL’ nylon resin simplifies fabrication 
of electrical parts... improves performance 


Stronger, better component parts often 
result when designers specify ZyYTEI 
nylon resin. Shown here are a series of 
components manufactured by “Indus- 
trial Devices, Inc., of Edgewater, New 
Jersey, which utilize ZYTEL nylon resin 
In a variety Of wa! Each part utilizes 
one or more of the useful properties of 
this Du Pont engineering material. 

ZyTEL nylon resin is a thermoplastic, 
yet its softening point is so high that 
parts molded from it are rated for inter- 
mittent operation up to 250° F. For 
continuous operation at such elevated 
temperatures, heat-stabilized grades are 
available. This heat resistance is espe- 
cially useful in electrical applications, 
where a rise in temperature in critical 
parts occurs when the equipment is 
operated. 

Ihe high strength and wear resist- 
ance of ZYTEL give added scope to the 
design engineer, as the examples at left 

w. For instance, the detent mecha- 
nism of switch (6) is molded as part 
of the assembly and is extremely re- 
sistant to wear. The bar knobs (9) need 
no insert because the molding itself 
meets all strength and torque require- 
ments. The toughness ~f ZYTEL is dem- 
onstrated by its use as jacketing on 
infantry field telephone wire, which is 
often laid directly on the ground and 
subjected to the roughest treatment in 
combat. 

ZYTEL nylon resin not only serves as 
an electrical insulator — it has excep- 
tional mechanical properties, illustrated 
eee eg ee ee aa (3) ee setae : by its widespread use for making gears, 

. BS ere cams, bearings and other machine 


tionally sturdy and reliable in operation t t plug 8 
pilot light with body of Zytex and lens of ioe tania tidecataciae aaa parts. To know this modern material of 


Du Pont Lucite® acrylic resin, (2) multiple vice c., Edgewater, New Jersey ndustry better, send the coupon today. 


E. I. du Pont de Nemours & Co. (Inc.), Polychem 
SEND FOR Room 141, Du Pont Building, Wilmington 98, De 
Please send me more information on Du Pont Z t nylon resin. I am interestec 
INF oO RV ATI © N this material for 
Name 


For additional property and ap- Company 
plication data on DuPont ZYTEL street 


COP stieetitaiins 


nylon resin, mail this coupon. I 
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These outstanding 


NEW precision switches enable 


design engineers to save space, time, 
maintenance and installation costs 


No re-wiring, no re-mount- 
ing. Just loosen two captive 
screws, pull out the switch 
enclosure, plug in the re- 
placement, and tighten the 
screws. 


Q; 


(Send for Bulletin No. £ 


High quality with reliability has made 
MICRO SWITCH the leading manufacturer 
of precision switches with the largest line 
of switches from which to select. MICRO 
SWITCH plants and development labora- 
tories are equipped with scientific tools 
for painstaking precision, quality control 
and testing techniques. Field Engineering 
offices blanket the country. There is al- 
ways a MICRO SWITCH man near you— ready 
to cooperate on switching problems. 


How you can cut 
‘down time” with this 
“Plug-in Limit’? switch 


Here’s a real timesaver for users of precision 
limit switches—a revolutionary new precision 
limit switch that can be replaced IN SECONDS 
The MICRO SWITCH “Plug-in Limit’’ answers a 
prime requirement for designers of devices for 
use on high speed automatic production lines. 
It offers all the features of rugged construc- 
tion and precise, long-life operation of the in- 
dustry-proved MICRO SWITCH “‘LS’’ Series. Yet 
the switch enclosure, including all mechanical 
and electrical parts, is plugged into the terminal 
block as easily as a radio tube. Dowel pins 
assure precise positioning. 





How to get more 
pushbutton switches on a panel 


MICRO SWITCH Series 100 PB Lighted Pushbutton 
Switches provide an unusually neat, good looking panel. 
Their compact mounting allows more switches per panel. 


Important features include: 


Three types of illuminated Matching lamp assemblies 
signal— available— 


1 one-color buttons, (2 two colors Matching indicating lamp assemblies Typical switch mod- 
(lighted singly or in combination) and are available with the same button and ule on a 3-circuit de- 
choice of either of two colors lamp combinations and the same means — 
neither of which is visible when button of mounting as the complete 100 PB 
is unlighted. switch assembly. 
( Send for Data Sheet 143 ) 
Large, easily engraved buttons— 


3uttons are large enough to allow two 
lines of clearly legible engraving. 


Wide choice of circuitry— 


Because separate terminals are pro- 
vided for each lamp and for each ele- 
ment of the contact structure, these 
switches permit intermixing of voltages, 
a-c or d-c current and even combina- 
tions of opposing polarities. 


Exploded view show- 
ing switch assembly, 
button and mounting 
means. 


A typical compact assembly of switches in pane) slots. 
Indicates choice of button color and number of circuits. 


A roller-lever switch with the stability 


of pin-plunger switch 


This small, compact roller-lever peatability but also permits ex- 
basic switch is ideal for use of such ceptionally 
control mechanisms as radar units, 
precision machine tools or other The roller is located on top of a 
devices where precise actuation double lever. As the roller is de- 
with little variance in operating pressed, both levers move down- 
points is required. ward until the switch is actuated. 
This Type W switch incorporates The upper level then prot eeds on 
a new design in roller lever actua- downward, providing the high 
tors which gives it an operating overtravel. The limited overtravel 
stability similar to a pin-plunger given to the snap spring and a low 
switch—low pre-travel, narrow break gives this switch a long, 
differential travel and close re- trouble-free mechanical life. 


overtravel. 


A new design in roller-lever 
actuators is this MICRO ‘heet 127 
SWITCH Type W. ( Send for Data Sh 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY | 
In Coneda, Leo 7¢ * FREEPORT, ILLINOIS 


” ial ae Qwitohing 
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WAF 


Brass tape 
and cloth 


In Varsil $R1036, a long-sought electrical 
insulation becomes a reality: A pressure-sensitive FULLY CURED-— 
silicone rubber tape perfect for Class H PRESSURE SENSITIVE 
applications involving high heat and unusual 

mechanical demands. Varsil $R1036 is made by 

impregnating glass cloth with Union Carbide** Type FUSIBLE WITH HEAT 
K1605R silicone rubber. The glass base renders 

high mechanical strength; the silicone rubber imparts 
excellent electrical properties. These include power 
factor, dielectric constant, and dielectric strength. HIGH HEAT 
A natural tackiness causes adjacent layers to bond 

instantly at room temperatures. Elevated temperatures RESISTANCE 
appreciably strengthen the bond. An interleaving 

layer prevents bonding before use. Varsil $R1036 is ® Agents in all 

supplied on bias-cut and straight-cut glass cloth in tapes principal cities 

or full width. It is aiso available unsupported. 


REVERSION RESISTANT 


© Complete test data 
available on request 


Brooks Electrical Supply Co., Inc., Baltimore, Md. Al aw we Al. a 2h e Pea a aia 
John H. Cole Company, Oklahoma City, Okla. a Wi i ICr St AV 0 0 [ i ni i > Ht il q \ 0 mM p Mily 
eee re MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
Hippler Sales Company, Webster Groves, Mo. si WOODBRIDGE, eae 
Insulation Manufacturers Corp., fet . a — : 
Chicago, II! Cleveland, O. Varnished Cambric oth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Dayton, O. Milwaukee, Wis. fe: Varnished ‘‘Fiberglas'’” Cloth and Tapes Rog Paper and Vartex Vornished Cambric 
Peoria, Ill. Pittsburgh, Pa. Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
J. F. Kerrigan & Company, Hamden, Conn. j Synthetic Resinous Tapes and Extruded Tubing Rag Paper and ‘Mylar'’* Polyester Film 
C. D. LaMoree, Berkeley, Calif. pe Cable Wrapping Tapes Asbestos Paper and ‘‘Mylar'’* Polyester Film 
Los Angeles, Calif. a, Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and ‘Mylar''* Polyester Film 
W. R. Punt Company, Floral Park, N. Y. oF VARSIL" Silicone Varnished ‘‘Fiberglas''t 
C. E. Riggs, Inc., Portland, Ore. Cloth and Tapes 
Seattle, Wash. : 
White Supply Company, St. Louis, Mo. 


Vartex Varnished “Fiberglas’’* and 

““Mylar'’* Polyester Film 

Special combinations available upon request 

* Mylar, Du Pont’s registered trademark *Fiberglas, Owens-Corning Fiberglas registered trademark 
New York, N.Y ‘ **The tern NION CARBIDE egistered # te ork j 1 Cort 


of j 
U JI of U ~arbide 


Export Agent: Lionel-Essex International Corp 
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COIL Type BUSS 
Heat-Limiters 


tT bg 
BUSS Heat-Limiters 


Cut Off the Current at a Predetermined Temperature 
to Protect .. . . Hair Driers, Refrigerator Defrosters, 
Deep Fryers, Incubators, Ovens, Cookers, Heaters, 
Combination Room Coolers or other devices or 
copparatus where failure of temperature control 
might cause trouble or a hazard. 


0s 1a Daa 
BUSS Heat-Limiters 
~~, 


If overheating can cause trouble 
or danger — BUSS Heat-Limiters may 
answer your problem! 


t ou Wal ay circuit 

BUSS Heat-Limit 
If 1 Heat-Limitet . . + 7 + + . > rieat imiters are available in 
i simiter ope to | ec i , 
yin loss o torial must be repla ; sal, auntlne shod many type 4 ir many styles of 
: Sccer) Suesiiun | sues i ERE MR ape terminals to suit requirement. Tell us 
installed, a BUSS Heat lin i your problem and let BUSS engineers 
ill open the circuit if anything , 
temperature at the thermal Where used: BUSS Heat-Limiters 


the Heat-Limiter to rise can be inst illed in the heater element For more information use coupon 


abo its opening point. The ability circuit —or if the heater current is con- r write 3 i fg. Division 


ve 
of BUSS Heat-Limiters to do this may trolled by a contactor they can be in Mi raw-Ediso 10.) S ouis 7. Mo 


be the answer to your overheating — a cm aos 


1 


problem | Bussmann Mfg. Division 


Safe protection remains safe: 


i make sure the high degree of pro 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 


suss ruses BUSS Safety Valve HEAT-LIMITERS 
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Maximum freedom of design 


with versatile STRI ~ IT tooling ! 


You can design any pattern of round. square, 
obround or special-shape holes plus any type of 
notching in flats. structurals or extrusions and 
know that production can handle it with swift econ 
omy using STRIPPIT tooling. either on pilot o1 


production runs! 


Strippit self-contained. self-stripping punching and 
notching units can be set up In any template pattern 
within press capacity placed in the press for any 
length of run with little down-time quickly set 
up in new patterns. Other Strippit cost-cutting 


advantages include: 


e The effect of quick-change dies without die-making 
or die-spotting ” Speed over drilling plus no de 
burring e Units re-usable over and over e Readily 
removable punches and dies e Ease. accuracy of 


template mounting — pilot pin centered on punch 


e Each unit complete — permanently aligned. fully 


cuided. self-stripping. 


For unlimited feeding of work 


Pu } ’ 1) 


Write today 


Al 


HOUDAILLE 
\ 


WALES STRI PPIT one 


222 Buell Road, Akron, New York 


Manufactured in Canada ippit Tool & Machine 
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INDUSTRY'S MOST ADVANCED DESIGN! 


FRONT VIEW 
(unmounted) 


Direct reading dial 
is calibrated to 120 
on one side—132 on 
the other, for line or 
overvoltage connec- 
tions respectively. 


> 
— a 
-\2 eit 
nN | fo. 
eee 
}— se Bas ae ae 
ne 
hi@ re —s* 
aes = i 
! a t 
3/8-32 32 
BUSHING 1 DIA 
4 
13 DIA be 
be ié6 
6, PC) 6) 
Yo 
Td —@—— ee 
—|N 
So 
NON- TURN- : 


PROJECTION “ bs 
3/32° HIGH, FI \ 
3/16" DIA.HOLE ——~ 








OMMITE 
Ut. 


VARIABLE 
Transformer 


MORE CAPACITY FOR EQUAL SIZE 


MODEL VTIRS—1.5 AMPERES. The rating of 1.5 amperes 
represents a continuous current rating at any brush setting 
even at full overvoltage! This “bonus” in current capacity is 
the result of a unique core design by Ohmite. This new com- 
ponent from Ohmite is made to the same high standards as the 
famous Ohmite resistors, rheostats, and other components. 
Other models in larger sizes will be announced soon. 


In addition to its greater capacity for equal size. the new 
Ohmite VARIABLE TRANSFORMER, representing indus- 
try’s most advanced design, features the following quality 
features: 


e@ Heavily Plated Rhodium Brush Track . . . Generous, nonoxidizing 
plating assures unsurpassed life under demanding conditions. 


@ Positive Current Transfer . .. The contact arm carries no current 
in this unit! A pigtail shunts the current from the brush, directly 
to a large copper-graphite slip ring which contacts a large area 
of the terminal. The spring-like contact arm provides its own 
completely independent pressure. 


@ Rugged INTERNAL Stop eliminates possibility of damage to con- 
tact arm and brush due to application of torque at retation limits. 


@ Ceramic Hub... Mounts and aligns the contact arm, provides 
3000 volts ac insulation between parts at line potential and shaft. 


AVAILABLE FROM STOCK: 
SPECIFICATIONS—MODEL VTIR5 
INPUT VOLTAGE—120V, 60 CYCLE. 
MAX. OUTPUT AT ANY BRUSH 

SETTING—1.5 AMPS. OUTPUT 

VOLTAGE—0-132—0-120 

ANGLE OF ROTATION—320 

Includes knob, reversible dial plate, 

washer and nut. 

Tandem assemblies available soon. 





BACK VIEW 
© HM l] T Ee RHEOSTATS + RESISTORS + RELAYS - 
TAP SWITCHES + TANTALUM CAPACITORS + 
QUALITY 
Components VARIABLE TRANSFORMERS 
_ 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 
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SOLID-ELECTROLYTE 


CAPACITORS 


new dimensions in 


Now, circuit designers in computers and mili- 
tary electronics have an electrolytic Capacitor 
that offers greater miniaturization than ever 
before with no sacrifice in reliability. 
Sprague’s recently announced solid-electrolyte 
Tantalex Capacitors find ideal application in 
the transistor circuits of these critical fields. 

[he tiny sintered tantalum anode of Type 
150D Tantalex Capacitor is impregnated with 

solid, non-corrosive, semi-conductor ma- 
terial which cannot leak under any circum- 
stance. It combines true miniaturization with 
electrical sti bility previously unobtainable in 
in electrolytic Capacitor ot any type. 

Thermal coefficient of these capacitors is 
sufficiently low and linear so that for the first 
time a circuit designer can think of an electro- 
lytic in terms of parts per million capacitance 


500 ppm/ °C. The 


change. Nominal value is 


SPRAGUE COMPONENTS 


CAPACITORS «+ RESISTORS + MAGNETIC COMPONENTS ° 
FILTERS « HIGH TEMPERATURE MAGNET WIRE oe 


Circle 


miniaturization and reliability 


This solid-electrolyte Tantalex 
Capacitor (shown 1/4 times actual 
size) is rated at 4.7 UF, 10 volts 


d-c, and is only 4" in diameter 


by 4 long 


Capacitor may be used without derating over 
a range trom +85°C to as low as 80°C, a 
temperature at which no other electrolytic has 
proved useful. 

Solid construction permits the Type 150D 
to withstand the severe shock and vibration 
encountered in missile and ballistic applica- 
tions. Hermetic sealing makes it completely 
immune to humid atmospheric conditions. 

Complete performance data covering the 
wide range of sizes and ratings are in Engi- 
necring Bulletin 3520B, available on letter- 
head request to the Technical Literature Sec- 
tion, Sprague Electric Company, 307 Marshall 
Street, North Adams, Mass. 

* * * 

Sprague, on request, will provide you with 

complete application engineering service in 


the use of Tantalex Capacitors. 


the trademark of reliability 


TRANSISTORS « INTERFERENCE 
PULSE NETWORKS ¢ PRINTED CIRCUITS 
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“MYLAR” offers a unique 
combination of properties 
valuable for electrical design 


HIGH TENSILE STRENGTH. “Mylar 
tk trongest plastic film. Instron tester 


verage strength of 20.000 lbs. psi 


1ELECTRIC STRENGTH. Aver 


00 volts pern average power 


HIGH D 


» 60 eve 


THERMAL STABILITY. 
eft ve erating range fron 


I } me brittle wit 


Core binder tape made with Du Pont MYLAR’ helps 
Western Electric speed production of communication cable 


PROBLEM: Western Electric’s new 
long-life, high-dielectric communica- 
tions cable posed a challenging prob- 


lem for production engineers. The 


how to efficiently 
extrude an outer jacket of polyethy!- 
ene without fusing the inner pairs of 


problem was this 


wires also coated with polyethylene 


SOLUTION: Afterextensive tests with 


DU PONT 


MYLAR 


POLYESTER FILM 


combinations of materials, a tape of 
Du Pont ‘‘Mylar’’* polyester film and 
rubber was selected to act as a heat 
barrier. 

RESULTS: Western Electric reports 
that abrasion-resistant “‘Mylar’’, 
with its hard, durable surface, helps 
the core binder tape run smoothly 
on its equipment without snagging 
or tearing. Because of its high tensile 
strength and melting point, “‘Mylar”’ 
helps prevent corrugations of the 


Please send t! 
types of **Mylar 
Application 
Name 
Company 
Address 
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electrostatic aluminum shield from 
breaking through the tape and short- 
ing the cable. 

HOW CAN “MYLAR” HELP YOU? 
Whether you make guided missiles 
or tiny components, you may be able 
to capitalize on the outstanding com- 
bination of properties found in tough, 
transparent “‘Mylar’”’ film. For a 
booklet containing technical data 
plus information on successful appli- 
cations, send in the coupon below. 





MAKE IT OF ALCOA ALUMINUM BECAUSE... 


Antenna components 
the effective double-d 


rTHESE PRODUCTS 
TAKE ADVANTAGE OF 
ALUMINUM’S 
STRENGTH IN ALLOYS: 





Strength in Alloys— Special alloys, for a wide range 
of mechanical and electrical requirements, permit the 
use of aluminum without compromise. No overgenerous 


proportions need be desig 


ned to meet strength re 
quirements. 

Longer Life—Stron orrosion-resistant 
has helped increase the life expectanc 
trl al produc ts 


aluminu 

y of many elec- 
Alcoa luminum’s structural depend 
ability offers long life for motor housings, equipment 
cabinets, 


radar 


gears, antenna ructural components o 


In addition to is also the 


most versatile of all metal a forged. rolled ex- 
truded or drawn 


ts basic advantages 


1 
of low cost. good conductivity. light weight and cor 
rosion resistance 1roughout the entire electrica 


industry, from conductors to structural applications 


Alcoa Aluminum will! be found hard at work. 


Alcoa wants to help you take advantage of alumi- 


num’s strength and versatility in the products you 
design and build. There’s a sales engineer 1 


near you 
who can offer competent advice and information on 


Alcoa’s full range of special alloys and tempers. Look 
in the Yellow Pages of your telephone book under 
“Aluminum,” or write to Aluminum Company of 
America, 2315-A Alcoa Building, Pittsburgh 19, Pa 


Your Guide to the Best 


in Aluminum Value 


ALCOA 0 ae 


WI —-—— 
. 
Ay 


ALCOA THEATRE 


Exciting Adventure 


Cable trough, made from high Extruded aluminum rotor wedges 
strength, lightweight Alcoa Alumi v€ repl aced wedges that formerly 


guides and supports bundles be individually machined \luminum ¢ 


motor housings 
sion-resistant Alco 


tings have 


power ind distribution cable imint 


im meets every require | ble considerable 


Fewer! required Supports re ment for this 


application and offers 


irge cost advantage 
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glass-base 
laminates? 


SPEED AUTOMATIC PRODUCTION of printed 
warp-resistant C-D-F met ad Teflon* and 
Other adva 


Ce a 


UE ae 


* 


\ 


Teflon”, silicone, epoxy, melamine, and phenolic glass- 
S 2 s HIGH-VOLTAGE (1800v.) RF ISOLATION is 
fabric laminates. Polyester glass-mat laminates. miniature C-D-F Dilecto gears in an aircraft rece 

nitter switch. They a had to exhibit dime 
You can improve design, speed production, and save money through a wide temperature range, resistance t 
: : 1d thermal shoc 
by specifying one of the many C-D-F Dilecto grades. gob _— 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a bet- 


ter answer to your problem at C-D-F. (Melamine can also 
be made with glass-mat base.) And C-D-F offers modern 
machining and tabrication tacilities to deliver production 
quantities of finished Dilecto parts to your specifications 

See our catalog in Sweet’s Product Design File. where 


the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto. or of 


iny other C-D-I plastics, mica, or fibre product, send us 
your print or your problem! Write for your 
C-D-F Technical Bulletin 64. 


PRECISE MACHINING AND FABRICATION 


free copy of fit f Dilect These 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO 


These ore typical grades for typical applications. To meet special requirements, C-D-F makes 
purpose better than any of these listed here. Consult the C-D-F T Departn 
plastics products 


many other Dilecto grades, one of which may serve your 


ent for expert assistance with your design problem involving laminated 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Burkt- COMPANY + NEWARK 13, DELAWARE 
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NEW:-- Type A 


REALLY SMALL 
IN SIZE AND COST! 


for applications requiring 
shorter timing periods, +15% accuracy 
and no interlocks 


Type B 


MACHINE TOOL STANDARD 
FOR MORE THAN 20 YEARS! 
for applications requiring timing periods 
up to 3 minutes, maximum accuracy 
and 1 or 2 instantaneous interlocks 


COMPARISON 
Timing Period .2 to 1 min. 
Accuracy +15 


Max. 2 Double 


I 
nterlocks None Circuit 


Panel Space 25’ x 4” 244"x 7%’ 


Convertible 
Delay-On + Delay-Off Yes 


Maximum Voltage 600 V. AC 
AC—DC 600V.AC only! 250 V.DC 


Write for Timer Bulletin 9050 
Address Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


Now...EC&M propucts ARE A PART OF THE SQUARE D LINE 


8 a uaa ky 
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World’s First Breaker 
with the Contacts VISIBLE 





Another First by Westinghouse 


SAF || WvuE 


Breaker 


Everyone who’s seen this exciting new development ve depended up . Now plan 
as said “this is the biggest thing in circuit protec- - codes require t be visible cat 
tion since the development of breakers... you're sure the most modern form of circuit protection. 
the contacts are open (or closed) because you can see See your Westinghouse representative, or write 
the transparent window.” Westinghouse Electric Corporation, Standard Con- 

. Ip 


trol Division, Beaver, 


througn tf 
Of course the yre rignt, and in addition, Westing- Pennsvlvania. 


house Saf-T-\Vue Breakers have the positive action, 
j ] if > ’ ‘ F — ; 
tested accuracy, long life and special features that 


manufacturers, electricians and contrac- YOU CAN BE SURE...iF its VW estinghouse 
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Gillette shaves costs with Anaconda special-shape tubes 


The problem. [hx llett afety Razor Company, Bostor 


Mass rmer S lrawn st r the handles of its famo 
components called to 
! the drawn shell had 

ns to the accuracy requl! 
were becoming a costly problem 
» excessive waste Of materia 


th j 


the knurling, grooving and 


rass ¢ ompany representatives Sug 
hape (fluted) tubes to meet the 
s suitable for the machining opera 
now uses Anaconda specia 

odels 
nto high-speed, multiple 
vert the tube t 
Production 
ire reduced t 
( nandies simpiihe 
to the Gillette Safety Razo 


! the finished product 


Save Material and Production Costs: Special-shape 


tubes—of copper, copper alloys or aluminum—i 


lengths, or cut to specified iengths, Can save several steps u 
irriving at a finished product. The American Brass Company 
French Small Tube Division are specialists 


nm nrod . 
n prog icing 
vasa se j . 
1d ddition 


small tubes (up to 34“ O.D.) of special desi 


to maintaining a wide range of stock 


cooperate fully in the development of new 

specific requirements 

For Action: Contact our nearest District Sales Office or send 
sample, drawing or description, estimated quantity, kind o 

metal required and other pertinent data to: The American Brass 


Company. French Small Tube Division aterbury 20, C« 


SPECIAL-SHAPE TUBES 


Made by The American Brass Company 


SPECIAL-SHAPE TUBES IN LONG LENGTHS OR CUT UP— 
IN COPPER, BRASS, BRONZE, NICKEL SILVER, ALUMINUM 


‘ 
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BILLION 


YES, ... 5,000,000,000 
MAINTENANCE-FREE 
OPERATIONS... 


with this high-speed POLAR RELAY 


In many applications, these rugged Automatic Electric polar relays 
are still giving excellent service after more than five billion opera- 
tions— without readjustment. 


Automatic Electric’s improved PTW Relay is made especially 
for use in composite signaling equipment . . . teletypewriter re- 
peater circuits . . . teletypewriter switching . . . and other appli- 
cations for switching a single circuit at high speeds. It is based on 
the Western Union design and mounts interchangeably with the 
W. E. Co. Type 255 relay. 

Here are some of the other advantages built into Series PTW 


Relays: 


Simple, compact construction. Substantially smaller than most 
other polar relays, it extends only 3” ‘including cover knob) above 
the mounting surface. 


“Lightning” response. Its sensitivity cuts travel time to as low 
as .7 of a millisecond, depending upon the contact gap and degree 
of energization in the operating windings. 


Quick, easy maintenance. Unmatched in reliability and long 
life, the PTW Relay can be easily readjusted—from the front. 


Economical to use. Simple design permits lower cost, together 
with peak performance. 


For complete information write Automatic Electric Sales Cor- 
poration, Northlake, Illinois, (Fillmore 5-7111). Jn Canada: Auto- 
matic Electric Sales (Canada) Ltd., Toronto. Offices in principal 
cities. 


» 


AUTOMATIC wy ELECTRIC 
A member of the General Telephone System 
One of America’s great communications systems 
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General Plate’s cladding know-how 
gives you the advantages of 


platinum-group 
metalis* 
at greatly 


reduced cost 


METALS & CONTROLS 


General Plate Division 





‘Trangitron 


Silicon 
ransistors 


DESIGNED FOR HiGH RELIABILITY 
MILITARY SYSTEMS 


A new family of Silicon Transistors, the 2N471A, 2N474A and 2N479A 
are now available for use in the most critical military applications. 
Complete specifications in MIL-T-19500A format include rigid life, 
environmental, electrical and mechanical tests to assure 

high performance reliability 


Through close process control, these units have exceptionally low I.., 
up to their maximum voltage and temperature ratings. They can be used 
with confidence even with the simultaneous application of maximum ratings 


Features: 


# Low |... up to 


Rated V. maximum. 


2N479A 40 to 100 0.5 30 
2N474A 20 to. 50 0.5 30 Operation to 175° C 
2N471A 10 to 25 0.5 30 


200 mw power rating 


ENVIRONMENTAL TESTS INCLUDE JETEC 30 Package 


Operoting Life Test Temperature Cycling 


Excellent high 
Storoae Life Test Vibration Fotigue eae 
ee eaenethades temperature stability 


Lead Fatigue 


; Welded Hermetic seal 
oldering 


Send for Bulletin TE-1353 


‘Trangitron 


electronic corporation wakefield, massachusetts 


oye Ee 
ar 
Diodes Regulators Rectifiers 
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available in... 
SPLIT PHASE, 


PERMANENT SPLIT 
CAPACITOR, 


CAPACITOR START- 
INDUCTION RUN, 


POLYPHASE 


CLEAN, MODERN DESIGN—Lightweight, die-cast aluminum head ends e@ecurctely fit pre- 
cision machined steel body, assuring rigidity and good alignment. External finish is smooth, 
flaw-free . . . blends well with any color 

IMPROVED, DOUBLE-END VENTILATION—Ventilating fans are integral with die-cast 
cluminum squirrel cage rotor, providing effective cooling of the windings from both ends for 
long life. Properly located openings give maximum cooling with minimum internal ports exposure 
MYLAR’ POSITIVE INSULATION—Mylar’ polyester film laminated to rag paper insulates 
slot cells and other strategic areas, Excellent dielectric qualities and resistance to tearing ond 
aging, affording virtucily permanent protection against dust, moisture and heat damage. 
CHOICE OF MOUNTINGS, BEARINGS—Rigid, welded base or vibrationless, ultra-quiet 
resilient mounting with motor hubs floating on rubber cushioning rings permanently bonded to 
inner and outer metal bands. Either sleeve type or fully sealed ball bearings available. If desired, 
special construction permits re-lubrication of ball bearings. Bearings seat in precision bored 
steel rings cast into the aluminum heads. 


VENTILATION *DuPont registered trademark 


Robbins & Myers build motors 
from 1/200 to 200 horsepower 


FLECTRICAL MANUFACTURING 





R & M’s BROAD LINE 
OF SMALLER, LIGHTER, 


FRACTIONAL HP MOTORS 


Robbins & Myers Re-Rated Frames 56 and 48 


Here’s a dynamic new motor—smaller, lighter, more versatile than older frame 
motors—yet with undiminished performance and reserve power. Completely 
new R&M “Model R” fractional horsepower motors will perform dependably 
and enhance the appearance and acceptability of your products. They range 
from 1 to 1 HP in types for all your applications: polyphase, permanent split 
capacitor, capacitor start single phase and (in the smaller ranges) split phase 
types. Designed in new NEMA frames 56 and 48, they are lighter due to new 
applications of aluminum, steel and copper . . . smaller thanks largely to a 
unique new ventilating system ... more versatile because of weight, size and 
many other design features involving frames, mountings, insulation etc. Look 
over the big advantages these motors offer you! Then write today for R&@M 
Bulletin No. 450—EM. 


4a. . 
MYLAR SLOT CELL INSULATION BEARINGS 


ROBBING ¢ MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
fE% 


; 7 3 Gy As 
Ce 27 Sse. | =) 


c ~~ 
— 
MOTORS FANS HOISTS 


@ OmOUuereias 


MOYNO PUMPS PROPELLAIR FANS 
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WHATEVER THE APPLICATION 


you can improve your product with 


GRAMIX 


(PRODUCT OF POWDER METALLURGY) 


PRECISION FINISHED PARTS 


GRAMIX precision finished parts are improving products in 
virtually every branch of industry. A pump manufacturer, 
for instance, may specify a gasoline pump rotor made 

of GRAMIX and gain a number of advantages. 


To begin with, the alloys are carefully blended to meet 
his individual requirements. The GRAMIX parts are then 
die-pressed to exact shape, sintered under rigid control 
and finished to tolerances as close as .0O00S”. 

(This process, of course, costs far less than machining, 
forging or casting.) The manufacturer can expect the 
GRAMIX gasoline pump rotor to do a better job because 
all GRAMIX parts are precision engineered and precision 
controlled from alloying to finishing. 


No matter what the application may be, GRAMIX parts 
fit specifications exactly. Parts may be impregnated 


with oil... to insure a longer life and a quieter operation: 


if specified, the GRAMIX parts may be coined and work 
hardened, even prepared for plating. 


The rotor is only one of thousands of applications 

in which GRAMIX precision parts have proved to be 

ideal. Just a few of them are shown here, so consider 
the components of your products . . . there may be several 
. with GRAMIX! Products 

of powder metallurgy you can rely on. 


that could be improved 


Write today for factual 
Engineering Bulletin No. 21 


. we'll send your copy. 


Hardened steel drive 
sprocket for lawnmower 


Rotor for gasoline pump 


Packing gland follower used 
in hydraulic system 


Bronze rotor in high 
speed fueling unit 


X-245-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES 


CORPORATION, 


SAGINAW 8, MICHIGAN 


GRAPHITAR® caRBON-GRAPHITE © GRAMIX™ POWDERED METAL PARTS © MEXICAN® crapnite products « USG” BrusHes 
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BACKGROUND 
OF QUALITY 


ROEBLING A 





That’s John P. Greene, Chief Dis- 
poser Engineer for the National 
Rubber Machinery Company of 
Akron, Ohio, talking. Mr. Greene’s 
feelings are based oh his company’s 
long-time use of built-in Klixon Pro- 
tectors in National Disposer’s Cita- 
tion Food Waste Disposer. 


He goes on fo say: 


“Garbage disposers are very frequently 
subjected to heavy overload conditions 
and ade quate motor prote ction 7s essen- 
tial. . . we have never considered any- 
thing but Kliron Motor Protectors. We 


insist that all our motors be equipped 


aie e . . 
with these foolproof devices.” 


National Rubber learned long ago the 
value of specifying and using Klixon 
Protectors as a built-in part of its 
products. You, too, can keep motors 
in your equipment or products work- 
ing dependably by specifying and 
using Klixon Protectors in your 
motors. They will reduce mainte- 
nance costs, service calls, and repairs 
and replacements. The additional 
cost is low... the benefits exception- 
ally worthwhile. 


“With KLIXON 
Motor Protectors 


We know we have 
complete protection!” 


Now there’s something new. In addition to the famous Klixon Protector 
for single-phase motors, you can now get full protection engineered into 
3-phase motors with a single, built-in Klixon Protector. For details write 


for Bulletin MOPR1. 


METALS & CONTROLS [Mj CORPORATION 


Spencer Thermostat Drvision 3601 Forest Street, Attleboro, Mass. 


KLixoN 
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universities. Yet 88 papers (70 1] 


Magnetism Research—Who’s Doing It? 


NDAMENTAL PHENOME- 
ical technology. With 
need for more researc! 
that magnetism 
new magnet 
rapidly And 
enetism has inere ‘ ! ( \ n the onteren 
results. But. i n hoe MIT. Harvard. 
> it primar i! ic] ; POOR iv. Ili I 


‘ t of i few” 


A A li lies 
Materials 


these 


esented 47 different organi ol ulpn f Niels Bi nr that 


i 


facturers. materials rod rs. laborator vas essential 


| 
1] organizations: 46 papers came from three organ- ma 


zations: General Electric 18; Bell Labs 17: Lincol: tie 


Lab 


nan 


ce 


T 


Mil 11: Westinghouse and Diamond Ord- What will it take to widen interest i 


Fuze 7 each: Remington-Rand and IBM 6 research? Mone ot the answer (except as 


each: Harvard. NRL. Ford Motor and RCA 4 each. relates through university salaries). Dr. Smart 


The 


academic as well as commercial importance of cuestimated in the U. S. we may spend 5 to 10 


magnetism raises the question why magnetism re- times the money for magnetics research spent 


search is not more widely spread—especially in the Europe. Have we received a comparable return? 
| | 


I 


universities. Perhaps we place too much emphasis on money 


1 


In Europe the emphasis is reversed. At the 1957 Have we the idea that research can be conducted 
Magnetism Conference Dr. J. S. Smart (formerly of onlv in shining new laboratories backed by unlimited 


the 


{ 


S. Office of Naval Research in London as funds? Have the universities neglected academic re- 


liaison man between U. S. and European Labs in search for contracted research? 
| 


solid-state research) recalled his embarrassment at Magnetism research need not require a great 
receiving more research information from European deal of financial backing. A physicist from the 
sources of interest to us than we had to offer them. Ford Motor Scientific Lab recently stated that 
Dr. Smart noted the following pattern in the re- much valuable research in magnetism could be con- 
search activities of England. Germany. France and ducted with test apparatus costing less than $500: 


the 
{ 


Netherlands total population comparable to well within the budget of most craduate s¢ hools and 


~ 


by comparing some L600 | uropean a ientifie through whi h graduate students themselves could 


papers with 1400 American Physical Society papers make important contributions. 


published July 1956 to June 1957: What's primarily needed is not money so much 


erm 


ethe 


~ 


\ 


And that inter an be created through 


Magneti-m Sources. per « i. vely small grants by those who best : 
papers. e Importan {ma tism—the manufacturers of 
per cent ny Mam ect! i op ted products. In the lon 


long 1 small 
of tota 


iny 


rland 





Irradiated Polyethylene 
nsulation Systems 


Electrical characteristics of electron-ir 


radiated polyethylene are evaluated for 
application in wire and cable insulation 


and in motor and generator insulation 


systems. Other application areas are dis- 
cussed. Advantages of the irradiated tape 
material include stable properties over a 
wide temperature range and an ability to 
form an encapsulated water-impervious 


sheath. 


KENNETH J. MACKENZIE 
ROBERT A. WARD 
Insulating Materials 
GENERAL Evectric ComMPpANy 


Schenec tady, New York 


Table I— 


General Pioperties of Irradiated Polyethylene 
Tape* 


Specific gravity 0.92 


Thermal conductivity 8.0 x 10-4 cal/sec/cm?/deg C/cm 


Water absorption 0.1 per cent 


Melting point “None, behaves like an ideal rubber 


above 110 C 


Coefficient of linear 


2x 10-4 in/in/deg C 
expansion 


Electron-irradiated polyethylene is not radioactive 


SINCE ITS INTRODUCTION in 1954 irradiated polyethylene 
tapes and films have found increasing use as insulation i 
various types of electrical equipment. Applications in 
clude wire and cable, motors and other rotating equip- 


ment. switchgear. transformers, and_ elec- 


capacitors, 
tronic coils. This article reviews the characteristics of 
these materials with emphasis on electrical properties 
derived from new functional tests. 

The early work in irradiated polymers including poly 
ethylene has been reported in the literature as noted at 
the end of the article. (J, 2)* The development work 
has ontinus d and there are now several types and orades 
of irradiated polyethylene available to meet the needs 
of the insulation design engineer. (3, 4, 5, 6) These in 
clude films containing anti-oxidants for prolonged use 
at Class A temperatures, oriented films with high shrink 
age to provide the ability to encapsulate objects, semicon 
ducting irradiated polyethylene tape, and an extrusion 
grade irradiated polyethylene resin. 


Characteristics of Irradiated Polyethylene 

Before describing the advantages of the irradiated ma- 
terial, it would be well to review those outstanding proper- 
ties of standard low-density polyethylene that make it an 
important insulating material: (7, 8). 

1. High dielectric strength. 

2. Low power factor over a wide frequency range 
3. Low dielectric constant over a wide frequency range 
1. Low water absorption and transmission. 


5. Excellent insulation resistance. 
6. Good mechanical properties and flexibility 
7. Excellent chemical inertness. 

Irradiated polyethylene, containing the proper stabil 
izers. contributes the following new advantages in 
characteristics: 

1. Nonmelting character. 

2. Ability to form 


water-tight and  dust-resistant 


sheaths on taped objects (encapsulation). 
}. Excellent resistance to voltage overloads. 
1. Elimination of the tendency to stress crack 


merale apply to Cited References at er of art 
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ee 


tig. 1—Test results for AVA-ype 600-volt' cable in which 
irradiated polyethylene has been substituted for varnished 
cambric. Comparison is with conventional AVA tape. Construc- 
tion calls for 30 mil total thickness of G-E Irrathene 201 tape 
in place of 36 mil of varnished cambric used in the conventional 


tape. 


5. High resistance to surface arcing or tracking. 

6. Stable electrical properties over a wide tempera 

ture range. 

Tables | to 1V summarize the properties of irradiated 
polyethylene film. The more common electrical prope rties 
of irradiated polyethylene are shown in Table IV. Be 
cause of the nonmelting character of the irradiated resin, 


these properties are retained over a w ide range of tempera 


ture. In addition, the low moisture absorption and 
ness of irradiated polyethylene prevents loss in the 
lating properties even on direct immersion. 

The following sections describe recent data obtained 
on specific insulating and functional electrical properties 
of irradiated polyethylene insulation systems. The tests 
were designed to determine where the benefits of irradi- 
ated polyethylene could be put to work. Typical examples 
of uses of irradiated polyethylene where these properties 


| 
are important are described. 


insulation Systems for Wire and Cable 


Surface Arcing Resistance Tests. Irradiated polyethy- 
lene is being used as insulation for an unshielded aerial 
distribution cable construction where it serves as a wrap 
over polyvinyl chloride. The application is based on 
the improved resistance of irradiated polyethylene to 
tracking or surface arcing. For example, it is possible 
to draw an are along the surface of polyvinyl chloride 
insulation for several feet leaving the material severely 
damaged. In a similar test on irradiated polyethylene. 
the arc is extinguished within a few inches and there is 
little damage to the insulation. 

Quantitative data supporting this observation has beer 
provided through the cooperation of the Instruments 
Laboratory of General Electric in Lynn, Mass. (9) Table 
V summarizes the results of a dust-creepage test wher 
irradiated polyethylene and other materials are exposed 
to simulated service conditions. The test consists of plac- 
ing a 75-mil slab of the insulation on a metal ground 


plate Two parallel bar electrodes are placed on the 


sheet. 1 in. apart. with one grounded and the other 
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Fig. 2 Voltage breakdown 


values ASW mandrel test) for 


600-volt AV A-type conventional cable compared with irradiated 


polyethylene construction 


Fig. 3 —Hours to breakdown vs voltage stress at 25 C for three 
different types of insulation systems, including one using 


irradiated polyethy lene. 


Fig. +—Hours to breakdown 


insulation systems shown 


carrving 1500 volts 


in Fig 


voltage stress at 105 C for the 


\ partially conducting 


dust is spread on the sheet and is continuously moistened 


with a tap water spray. Scintillations are constantly mair 


tained between the electrodes under these conditions 


The time to breakdown 


s measured. It is interesting t 





note that the irradiated polyethylene survives about twice insulation for this cable for normal useage. The irradiated 


as long as conventional polyethylene. This property is polyethylene, however, offers additional protection to 


believed to be important for many types of wire and moisture and to thermal overloads. It also appears possible 
cable applications. to operate irradiated polyethylene insulated cables at 


Heat- and Voistu ¢ Re sistance Tests. Ir idiated poly- tempure levels LO to 15 higher than tor the conventional 


ethvlene is being used o1 evaluated as a new insulating polvethylene. 


material in several o s of wire and cable t More severe tests were also made. in which the heat 
improve performance These applic itions in ind moisture resistance provided by the shrinkage and 


aerial telephone able. low volta powe! cable bonding of the irradiated polyethylen are even more 


( luce 


control cable. switchboard ble and lead wire. ipparent. 
he results of recer asbestos. varnishes [he test consisted of two parts. I 
het l l | 


cloth. asbestos) low in whi irrad were made on unheated cables, and 


ated polyethylene s sul stituted to varnished ambru 150 C for 48 hr. Three 9-{t lone sectior 


indicate that the irradiated polyethylene improves the wrapped about a mandrel & x diam of 


heat and moisture resistance of tvpe ol cable The ase, nandrels). and then were 


t} 
tnis 


were made on the rradiated ps lvethyvlene-insulated ! part. ! were immersed it 


1 ind in the other. 


dona varnished hott nsulated 


construction usit NEMA Standard 10) th cabl ! i T r at 50 C. Voltage 


easily passed the minimul requirements able Was Ineasured 
show a difference thev were subje ted to 1 I c { . insulation resistance measurements were } on the 


voltage stress in each test until breakdown oct rec lhe nmersed cables before the breakdown stress was dete 


tests used were as tollows Voltage Resistance W ate mined, fF icure Zz shows the results ol the voltage break 
Resistance: Heat Resistance 


Both cables show excellent 


ind Flame Resist ince lown measurements and Table Vi gives the average value 
in these tests for the insulation resistance of the cables tested. 

See Fig. ] Th irnished cambr provid adequat [hese tests ten 10 hat irradiated polyethylene 

ce to morsture, especially ii 

heated. Not only does the insulatior 

high. but there is a definite improve 


of the irradiated cable 


Insulation Systems for Motors and Generators 


\ program of functional electrical testing of irradi 


ited polvethylene insulatin svstems for’ form-wound 
motor and generator coils under voltage and therma 
stress has been underway in laboratories for a number of 
months. The purpose is to find the best systems and t 
compare these with other common presently used insula- 
tion motor coil systems. The program has been based or 
i voltage endurance test and a deflected beam film rupture 
test 

Voltage Endurance Tests. Certain electrical properties 
lepend not only on the inherent nature of the material 
used. but also on the construction used and the method 
f application. These properties include the corona- 


starting voltage. and the voltage endurance. By use of 


Fig. 5—Hours to failure vs temperature for five different the correct techniques in applying irradiated polyethylene, 
insulation systems as identified. (Elongation of 0.5 per cent it is possible to obtain insulation systems with high 
equals failure corona-starting voltage. low corona intensity. and long 
endurance to voltage stress. These benefits are not due to 
inv increase in ability to resist corona. but rather they 


ire dependent on the ability of the irradiated polvethylene 


to shrink and bond to itself to form a structure with 


fewer voids 
endurance tests ; t high electrical 
the short-time cd ) streneth 
than the cor rting 


tual perating olta 
















Table tl— 
Chemical Resistance of Irradiated Polyethylene 


Environmental Stress Cracking: No failures after a year in 
glacial acetic acid or Igepal solution at room temperature, 
or after 2000 hr at 75 C. 


Chemical Resistance: Excellent resistance to alkalies, to acids 
except nitric, and to most other common water-soluble 
chemicals. 


Solvent Resistance: Good resistance to most organic solvents 
below 60 C. Above 60 C, is swollen by hydrocarbons, halo- 
genated hydrocarbons, and aromatic solvents. 


Outdoor Weathering: Should normally be protected from sun- 
light. 


Shelf Life: 


Excellent. 





1a triple varnish dip. The basic insulation was either 
il-la taped construction or applied is sheet. Phe 
stems ela ited according to the practice ree 
ended i new ASTM wr ipped bar test now unde 
round-robin testing. ll Phe irradiated poly 
tl e test bars were heated at 115 C for 30 min betore 


to shrink 


In order! 


A second technique 


sed to provide tunctional data was the deflected bean 

ny rupture test. [Z Lhis acceler ited test provides 
rmation on materials and systems under stresses similar 

I those encountered in actual motor operation, The 


results can be shown to agree well with those obtained or 


tests on small motors. (13 


the effects of the 


accelerated aging Combined 


in the test are following parameters: 


thermal aging. mechanical flexing, dielectric stress, and 
thermal expansion. 

The test specimen consists of a beam made of two 
strips of copper wire, 0.090 in. x 0.100 in. x 5 in. with 
the flat sides placed together and insulated with the ma- 
terial or system under study. The specimens are aged 


upright in circulating air ovens (set at the desired tempera- 
ture levels). When removed, the center inch is painted 
with silver paint to provide an electrode. The other 


electrode is the beam itself. The specimen is elongated by 
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Fig 
ind after 


points out 


Table tl— 
Mechanical Properties of Irradiated Polyethylene 






Property 
Yieid strength”, 

pst at 23C 
at 80C 
at 120 C 

Tensile strength*, 
psi at 23 C 
at 80C 
at 120 C 
Ultimate per cent elon- 
gation*, at 23C 
at 80C 
at 120 C 


Shrinkage (lengthwise), 
per cent, at 150 C 





Encapsulation grade 


split core on right 


shrinkage aroun 


of irradiated 


heat treatment 


bends 




































polyethylene before 


at 0 F. Peneil 





< as 8 eak 
' ) t 
K =< ls t t f 
S S to measure ti ¢ 
t ] l { 
o iterials ire WweakKeé 







General-purpose 


grade 


Gage 0.005 in. 


135 
5 


50 


1900-2500 
750-900 
100-200 


300-500 
300-500 
200-600 


<25 






Encapsulation 
grade 


Gage 0.004 in. 


2000 
500 


3000 
> 1200 
150 


over 200 
over 200 
ever 200 


40-50 


the life vs temperature plots, then close agreement is 


obtained with the actual life of small motors 
Figure 5 shows a comparison of the life of a varnished 
irradiated polyethylene system and a varnished cambris 


system as functions of temperature. At temperatures 


below 130 C, the irradiated polyethylene has somewhat 
longer life expectancy, and has sufficient life above this 
temperature to provide against frequent transient over- 
loads. 

An irradiated polyethylene system in which an armor 
tape is used with a varnish 


life. This is 


lile expectance 


coating provides excellent 
insulation illustrated in Fig. 6 where the 


curves for the following systems are 
shown: 
\. Irrathene 210 Dacron 
B. A standard varnished cambri 


C. Other Class A insulation system 


tape GE-9470 varnish 


system 


j 


lhe superior properties of the irradiated polyethylene- 


Dacron system indicate that is would provide useful insu- 


lation for motor coi yr service at > C operating 


I 
temperature. 


[he data reported here on both tests can be extended 


tvpes ol electri al applications where thin insu- 


lation is used. The data cannot be extrapolated to thicker 


nsulation systems such as power cable 


Encapsulation 


B } , 
eC auUse ot irradiated poly 


unique property 
t shrir k 
impervious 

iown in 


draw! 


Uus¢ 


y equipment 


produ 


| 
t amount 
films as a 
perature an tl the more 
th lower the temperature 
shrinkage bee Phe oher pro- 


the extrusion of the original film in thinner 


is it 
onientation 
is evidenced by the differences between the curves 
and 10-mil film 
The force 
? 


tant in the ene apsulation process. 


generated by this shrinkage is also impor- 


lo study this. samples 


were clamped tautly (but not under tension) in the jaws 


of an Instron tensile machine equipped with a heating 


oven. The temperature was raised slowly from room 


temperature to 125 C and the force recorded every 5 or 


The 


10 degrees on both the heating and cooling evcles 
result is shown in Fig. 9. 


60 


Fig. 8—Shrinkage vs temperature for typical irradiated poly- 


ethylene tapes in various grades as identified 


Phe force reaches a maximum at 90-100 C. It then drops 


off as the crystallites disappear, until at 125 C it is es 
sentially zero. On cooling the sample, the stress begins 


takes pl ice 


room temperature, the flim is under con 


to build up again as crystallization 


polymer \t 

ible tension since it has been held by the clamps and 
cannot shrink. When a part is taped and « ipsulated by 
heating. the film is again prevented from shrinking com 
pletely The shrinkage-ger 


irradiated polyethylene film 


erated force then comp! 


about the ol ject 


é desired tight al 


to 
inditions such 
nsulatis 


homoge neous 


coil through which d 


Irradiated polyethylene 


Table Iv— 
Electrical Properties of Irradiated Polyethylene 


Values at indicated 
temperatures 
Property 25C 


100 C | 150 C 


A-c dielectric strenath. 5-mil film: 
Short time, ASTM D-149, vpm 
Step by step, ASTM D-149, vpm 


2500 
1800 


1800 1400 


Power factor (60 cycles to 10,000 mc) | 0.0005 0.0005 0.0016 
Dielectric constant (60 cycles to 

10,000 mc 2.3 2.1 1.9 
Volume resistivity, ohm-cm > 101 


-10'5 | >10" 


Effect of moisture Negligible 
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Llectront Equipment: Irradiated polyethylene is 


llating various types ol 


ng an increasing use in ls 


toroids, capacitors, etc. in electronic equipment. 


standing stable insulating rties over a wide frequency 
ind temperature range ve material tor 
these applications. The 


is also of 
prime importance In these 

is heat-shrunk, a tight se 

The irradiated polvet! 


ushion against vibrat 


Summary 


Irradiated polyethyler e | 


Shrinkage force in 06.008-in. irradiated polyethylene 


Irrathene during heating and cooling cycles. This 


effective force in encapsulation applications. 


two different switchgear applications. One is 
coils. The other and 
vars. Because of its ex 


oth. irrad 


lated polvethylene 
> greater dielectric protec n. ever 
ation thickness. than 
pplication. The streng 
hand 


nd tree trom void 


Table V— 


Dust Creepage Test for Irradiated Polyethylene 
Compared to Other Materials 


Hours to 
Material failure Mechanism of failure 


Polyvinyl chloride 
Neoprene 
Chlorosulfonated 
polyethylene 
Fluorinated rubber 


Creepage track failure 


Polyethylene Erosion failure with some 


carbonization 
Unpigmented irradiated 


polyethylene Erosion failure with slight 


carbonization 
Special butyl rubber 


internal oxidation 
mechanism 400-600 Erosion failure with no 
carbonization 


Meeting 

Table Vi— “Nontrackins Orgar i sulations,” N rman, 
Insulation Resistance of Irradiated Polyethylene Kessel, AIEE Transactions, Comm. & Elect., No 
vs Varnished Cloth 0. “Asbestos, 


A sbestos-Varnished oth and Asbestos-Therm 
lated Wires and Cables,” NEMA Standard W¢ 


Megohms per 5 ft : 
: . 11. Voltage Endurance Test, (ASTM Wrapped Bar Test present 
Irradiated polyethylene Varnished cloth under round-robin testing 


y.. “The iected Beam-Film Rupture Test Applied to Sheet 
Days Not Not 


Insulation.” Mathes and Morgan, ASTM Spec. Tech. Pub 
immersed heated Heated heated Heated 161. 86. 1954 


3 143,000 247,000 12.6 53.2 13. “Heat-Resistant Insulation Systems for Motors,” C. J 
144,000 333,000 7.2 7.0 and K. N. Mathes, AIEE 


Herman 
Mid-Winter Meeting, Feb. 1955. 


1 


Transaction Paper #55-495 


JANUARY 1958 





Positive 
Over-Temperature Protection 
—with Heat Limiters 


{5 a bac kup device for thermostats and ary to “back up bimetallic contro uch as thermostats 
thermal relays. et ‘Heat Limiters. the name implies, 


similar thermal controls, many electrically re designed to give such protection. Fundamentally heat 


7 ' . ° limiters are little different from fuses except that 
heated appliane CS and equipments require ; 


the basis of heat enerated 


positive circuit interruption based on safe onducted or rai to the limiter 
operating temperatures rather than cur- 


rent. The heat limiter, prescribed by th | 
ce it is the final protect 
Underwriters Laboratories. 1 the an- Leaf Type 


het ' 
_ a ct a 


lal i i 


| arious types of the de pice and thet 


proper application are given hei 


J. C. LEBENS 
Vice President } of Engineering 
BUSSMANN Mec . St. Louis, Mo. 


Fig. 1—Leaf-type heat limiter made 
by Bussmann Mfg. Co., Flat, beryl- 
lium-copper leaf spring is held con- 
strained at one end by a fusible alloy. 
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The leal-type heat limiter was developed for those 


applic itions where fast action is required when a fault 


onditior develops One ot the first devices to 


be pro 
tected with this limiter was the portable hair drier cor 
sisting of a heating element and a blower. As lone as the 
blower is operating. the heating element is cooled to a 
safe temperature by the air passing over it; but if the 
blower fails for any reason, the heating element will bur 
up unless the current is removed immediately. The leaf- 
type limiter, placed in the air stream in series with th 
heating element, furnished the answer. Its thermal re- 
sponse was fast enough to open the circuit before th: 
heating element could be damaged. 

\ similar application was to reduce the potential fire 
hazard produced by the addition of heating elements to 


room coolers Specialists at the Labora- 


tories were fearful that the unit could reach temperatures 


Underwriters’ 


high enough to ignite synthetic window curtains touching 
1 room cooler if the heating 
the thermostat 


element were turned on and 
operate prope rly. For this reasor 
it was insisted that extra tection be provided to back 
up the thermostat until more field experience was 


tained. Under such conditions the temperature did not 
build up rapidly bu range b fe normal 
erat 

type neat 

protection. 


A third 


current flowing 
heat ir 
current 
iwtua applic iti 


its meltir 


is mounted directly on one end ot 


such cases. the performance of the 
limit l 1 I 1 by the choice ot whi h end 1s placed 


next to the heater. The end with the fusible allov is marked 


ind. where critical. it is recommended that a leaf-type 


limiter with polarized terminals be used so th it is 


ilwavs prope rlv installed. 


The 15-amp rating on leaf-tvpx limiters is a nominal 


one which should t 


necessary 


provide 


protect 


total of mor 

than | I alized 

limiter for ¢ ich parell etior irrangement 

idded advantage that 

may be dropped due 

on to maintain a sale ten 

down completely 
The second limitatior 


{ 


tvpe limiter 1s its voltage ap produced wher 


the fusible alloy melts is adequate for 240 volts so that 
the heat limiter can handle 2000 watts at 120 volts and 
1000 watts at 240 volts but adequate insulation must be 
In addition, 


provided for the travel of the leaf 


provided to isolate the limiter in the device. 
clearance must be 
spring and enough separation when the limiter is open s 
that flash-over to ground is prevented. Hence the mount 
ing for the leaf-tvpe heat limiter must be relatively rigid 


and fixed in the order to satisfactor 
perlormance. 
Coil Type. 


has a copper iy in a coil spring mou 


tul is shown ir The strip c: 


SERRE 
=/a/2/a/a/a/a/a/a) 


Fig. 2—Coil type of limiter has a copper strip 
centered in a coil spring, one end of which is 
connected to the ferrule by fusible alloy. 


2 fi 
© i hateeeene anee i> “memo 


+ 4 
Fig. 3—The element type has a thermal cutout in 
the center of a glass tube with a spring to pull away 


a current carrying strip when the cutout melts. 





Thyrite Bridge Applications 


Design data for non-linear resistance 


bridge circuits using Thyrite. Applications 
include phase inversion, frequency multi- 


plication, and voltage regulation. 


G. D. BARCUS, JR. 
Magnetic Materials Section 
GeNERAL Evectrric COMPANY 
Edmore, Mich. 


Dut [THYRITI BRIDGE MAY WELL BECOME an important 
element in electronic circuits of the future. Several ap- 
plications recently checked out in laboratory work in this 


field indicate that the unique properties of such a non- 


Fig. 1—Typical volt-ampere characteristics of representative 
Thyrite resistors, ranging in diameter from 1 to 6 in, 


and 
having several resistance levels and 


power ratings. The char- 
acteristic of a l-megohm linear resistor is shown for 
parison. 


com- 


Fig. 2—Typical input-vs-output curve of a Thyrite bridge 
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linear resistance bridge can be very useful to the circuit 
designer. The characteristic can be made to provide the 
functions of: (1) a straight transfer device, (2 
inversion transfer device, (3) 


frequency tripler, and (5) 


phase 
frequency doubler, (4) 
voltage regulator. 

lo understand the electrical characteristics of Thyrite. 
its performance may be first compared with linear re- 


sistance (for example, wire-wound resistance 


kor any particular linear resistance, / EVR whichTcan be 
generalized as 
° voltage gradient 
current density 
resists 
For Thyrite 
- (voltage gradier 
current density — - 
constant 
more common present day expression wl 
it-ampere characteristic of a Thyrite resistor is 


I C ) KI 
( 
ore | instantaneous a-c or d-c current passed by Thyrite 
voltage applied to Thyrite 
i constant (volts at 1 amp) 
2 Constant Camperes at 1 volt) 
in exponent 


mistantaneous a-c or d- 


Che constants K and C depend upon the resistivity and 
the dimensions of the particular Thyrite resistor under 
consideration. 

lhe exponent n depends upon various factors in the 
manufacturing process. and will usually be at least 3.5 
but in special cases may be as high as 7 with higher 
resistivity material. (For ordinary linear resistance n 
1.) The higher these exponents, the more nonlinear the 
electrical characteristics, and hence the greater the de- 
parture from a linear resistance characteristic. For ex 
ample, the effect of doubling the applied voltage is to 
increase the current by a ratio of 2 in 


a plain wire- 


wound resistor; but doubling the voltage applied t 
Thyrite will increase the current by a ratio of 11 if n 
3.5. and by a ratio of 128. if n 


linear voltage-current characteristic 


7. Because the non 
of Thyrite extends 
over an extremely wide current range, it must necessarily 
be plotted on log-log coordinates. Moreover, when plotted 
on log-log coordinates, the volt-ampere characteristic of 
Thyrite approximates a straight line, which simplifies 
graphical work. Thus in the upper characteristic shown 
in Fig. 1, the exponent n is high, and the curve extends 
over the entire current range plotted from 0.1 micro- 
ampere to 60 amp 
(600.000.000:1). 


a ratio of six hundred million to one 


Other relationships are easily derived, and calculations 
can be made according to the particular requirements of 
the application. For example, an equation which is fre- 
quently used is: 


E = CI0-2 
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Fig. 3—A non-linear resistance bridge 


whose symbols have already been defined, except a. The 
relationship between n and a is as follows: 
l 
ee 

lo realize the advantages of the high exponent of 
Chyrite, the applied voltage should not be too low. A 
reduction in voltage gradient is usually accompanied by a 
reduction in exponent. 

Phe typical input vs output curve of a Thyrite bridge 
is shown in Fig. 2. Figure 3 shows a typical bridge with 
any nonlinear resistance used in opposite bridge arms. 
Note that as input voltage increases, the nonlinear re- 
sistances change value, giving the output curve shown 
in Fig. 2. The bridge output becomes zero when the non- 
linear resistances are equal to the linear resistors. Output 
polarity reverses at this point. The shape of the curve, 
and the crossover and maximum output values depend 
on circuit proportions, 

The most useful nonlinear bridge in electronic appli- 
cation is the Thyrite bridge in which the nonlinear ele- 
ments are small Thyrite resistors. The use of these units 
makes the bridge instantaneously voltage sensitive. This 
eliminates lags in response due to thermal time constants 
associated with miniature lamps or thermistors. Figure 
4 shows the use of a bridge as a straight transfer device. 
Here a small alternating voltage is impressed on the 
input. So long as the voltage magnitude remains on the 
linear portions of the bridge characteristic a good repro- 


duction of the input appears at the output, in phase with 
the input. 


Varying one or both of the linear resistance values will 
cause the slope of the curve to change at the origin and 
at the crossover point. This will change output level for 
a constant input. For example, observe what happens to 
the output wave form when we impress the same alternat- 
ing input, and at the same time impress a d-c bias voltage. 
Figure 5 shows the phase inversion which takes place 
when the signal voltage is meved over to the vicinity of 
the crossover point by adjusting the d-c bias. This action 
can be readily observed on an oscilloscope as d- bias is 
varied. By providing a d-c bias voltage which can be 
switched, it becomes possible with one static device to 
provide both in-phase and inverted phase transfer of 
voltage. This suggests an “either-or” function for the cir- 
cuit. 

As the bias voltage is adjusted toward the crossover 
point another effect will be noted. At the peak of the out- 
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Fig. 4—A Thyrite bridge with a 


linear position of the characteristic is not exceeded and the 


small signal input. The 


sutput remains in phase with the input. 


Fig. 5—Circuit of Fig. 4 with the same small signal input 
but with the addition of a d-c bias which moves the level of 
operation to the crossover point on the characteristic to produce 


phase inversion. 


Fig. 6—Output voltage curves for circuit of Fig. 5. As the 
bias voltage is adjusted toward the crossover point, the peak 
signal output is rich in harmonics of the input. The output 


frequency is fundamentally double that of the input. 
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Fig. 7—Output of — the 
circuit in Fig. 5 with 
very large signal input 
and no bias. The input 
voltage sweeps the entire 
bridge characteristic to 
provide frequency — tri- 
pling 


Fig Output vs input 
of an asymmetrical Thy- 
rite bridge linear re 
sistors unequal or Thy- 
rite resistors unequal), A 
circuit providing this re- 
sponse is useful for 
voltage regulation he 
cause the output voltage 
is relatively constant over 
a wide input voltage 


range 


Fig. 9 Design chart for 
bridge calculations See 


text 


10—Design chart 
asymmetrical bridge 
teat 


put voltage cury . th 1 free ! is funda 
mentally doul it of tl put al ry rich in 
harmonics. B ope tior bridg omponents the 
irequency 
This effect 
appli alion mM 

One turthe 
of the Thyrite 


shows that this is a ( ilica n. and to a cet 


tain extent is voltage ! \ ut is simply mad 


large enough to sweep ntire | lo characteristi 
The resultant output is fundamentally triple the fre 


quency of the input. This appli ition has been used to 
ees . 5 hig. Ll Non conventional (no common terminal) amplifier 
S QO- e to O OO « os fe S a ; : ; : 
ae os tone { 1200 cycles for pilot I? for Thyrite bridge application. Circuit also provides adjustable 





FOAMED PLASTICS 


for Structural Functions 
in Electronic Equipment 


Sandi h-tyvpe ele ments made of foamed plastic s. can be used jor such mMe¢ hanical 


j 
elements as mounting plates to help t 


! ' "7 
lbration conditions as well as other 
@€TVIce. 


' 
rs and solutions can be 


(LssELL THIELMAN 


I 1 neer Contro section 


& Herntz, Inc., Cleveland, Ohio 


istanding 
| Ww dvnami 
nsistent with structural we 
mental protection to sensit f 
associated wiring 
component accessibility for tr 
replacement. (This is particularly 
packages become more complex. It is 
sirable to divide basic electrical functio 


spective subfunctions for ease of mainten 


technique is necessary where subtun 


dividually encapsulated “throw-awav’ 


The de velopment of foamed plastics offers new stru 
tural materials possessing important properties. If proper- 
radical, though 


ly utilized. these materials can make 


practical, changes in the concepts of pa kaging of ai! 
borne electronic equipment. 

Although the foam compounds are relatively new and 
design data are incomplete. enough is known of the ma- 
terials to warrant their serious consideration in packag- 
ing airborne electronic equipment. 

In discussing here the application of the foam com- 


pounds to airborne electronic equipment packaging, only 
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Foam ( mbe dment pro ldes an additional 


equipment withstand severe 


vere environments encountered in atr- 


y 


} 
fechnique 


vf nde d 


such th: 
easily resolved. The 
on electric and electronic equip- 
by the characteristics of 
Vibration specifications 


rmally ¢ i frequency spectrum of 5 to 55 
Manv of the electri ymponents used had high- 
sarticularly those of nonstatic de- 
yr carbon-pile voltage regulator. 
w-frequency spectrum and high- 
of low- 
frequency vibration isolators, principally the JAN size 


1 ] } il " 
inits. These isolators tended to be bulky and 


sensitivity components lictated the development 


cor sumed a 


substantial part of the envelope volume available for the 
| I 


package. But they did compensate for the poor vibration 


characteristics of the electric components and, as a result, 
were used extensively. 


[he introduction of turbojet and rocket « 





creased airframe vibration environments in both accelera- 
tion magnitudes and in frequency spectrum. Today, fre- 
quency limits extend to 2000 cps and beyond, with 10- 
gravity vibratory accelerations common and 50-g magni- 
tudes becoming increasinely frequent. In addition, the 
high speeds of combat maneuvers cause large transient 
field accelerations. 


| nder 


t xpel iene esa prolonged te 


these conditions. vibration-isolated equipment 
bottoming.” Conventional isola- 
tors cannot support substantially more than the static load 
of the isolated equipment without fully compressing and 
losing their isolation capacity. Thus. in a critical maneu 
ver. conventionally isolated equipment is subjected to the 
full vibration environment of the airframe. 

Some improvement is being made in bottoming resis 
tance to relatively low field accelerations. But even these 
improvements carry a penalty. The newer vibration isola- 
tors are larger in size. taking a greater share of the en- 
velope volume available to the packaging engineer. 

Because the trend in aircraft is toward smaller and 
smaller volumes and weights 


size of vibration isolators. 


it appears certain that the 
alone. will tend to preclude 
their use on advanced electronic package designs 

The logical answer to the problem lies in designing 
the package itself to withstand the full dynamic environ 
ment. This approach, and the ability to meet all three of 
the design requirements stated at the onset of this article. 
is being made feasible by the rapid development of struc 


tural foamed plastics. 


Vibration Forces As Design Parameters 


tlectroni eenerally consisted of a 


packages hav 
prime structure of aluminum members. Components are 
mounted either directly to the structure or as subassem 
bles on plastics component b 
secured to the basic structure as show 

\ structural member will respond to applied vibration, 
a,;, over a frequency spectrum as shown in Fic. 2. At 


the resonant frequency, /,, we find that the vibratory 


acceleration. a), ienced by the structural member is 
atory acceleration At ire 
Lichtly 


damped elastic structures will isolate a portion of 


reater than the 


quem ies apnove resonance a 


approa nes @i. 


applied vibratory acceleration at irequen¢ ies well above 


resonance, @ Gi. 
find the dynami 


In actual practice, we response ot a 


structure to forced vibration is such that more than one 
resonant peak is generally observed over the frequency 
spectrum. Usually little. if any, isolation is experienced 
over the frequency spectrum. In addition. the magnitude 
of resonant response a, is a function of a., increasing 


nonlinearly with a,. Figure 3 shows the dynamic response 


of an unisolated structure to forced vibration at various 
values of a. 
It is 


which. on previous packages had been vibration isolated, 


apparent, then. that those electric components 
will not only experience the full environmental vibration. 
a,, over most of the frequency spectrum, but will have to 
withstand the 


structure as well. 


resonant 


Ficure 4 illustrates the difference in vibratory accelera- 
tions transmitted to the electric components mounted on 
1 chassis when: 


1. Chassis is vibration-isolated 


2. Chassis is rigidly mounted to the airframe 
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amplification (a,/a of the 


The increased vibratory acceleration experienced by 
the unisolated package can cause two distinct types of 
failure: 

1. Electrical malfunction 

2. Fatigue failure of either electric or structural mem 
bers 


Thus, the packaging engineer is faced with the task of 
designing structures that will have low dynamic responses 
without the use of vibration isolaticn. 

lhe dynamic response of a structural member is de 
termined largely by its flexural rigidity, load and stress 
distribution, type of end constraint and internal hysteresis 
Assuming an idealized load and stress distribution and end 
constraint. we are left with two variables: flexural rigidity 
and internal hysteresis. Among the nonferrous alloys com 
monly used for package structures, the internal hysteresis 
is relatively constant. Thus, the only remaining variable 
is flexural rigidity. 

The modulus of elasticity of the various aluminum 
constant. Therefore, / 
inertia of the beam section 


be used 


allovs is relatively (moment of 


is the only variable that can 
By increasing the moment of inertia. the natural 
Irequency ol the beam will increase. The stress distribu- 
tion will be altered somewhat and the net effect of these 
two changes will be a reduction of the resonant peaks 
of the dynamic response curve and a shift in natural fre 
quencies to higher frequencies. 


The reduction in a, is usually quite smal! unless drastic 


made to the moment of inertia. But the 


stiffness of the structural member cannot be appreciably 


increases are 


ithout increasing the beam weight. 


instances. the package weight limitations 


the customer preclude anv work in this di 


Fig. 2 


by the “magnification factor.” or the relationship of vibratory 


Response of a structural element to vibration, indicated 


acceleration (a Peak is at resonant 


to applied vibration (a 
frequency, ! 
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Fig. 1—Voltage regulator for missile use. an 


advance design that must provide a high degree of protection 


example of 


against strong vibration and other severe environments. Alu- 


minum is used for structural members 


Foamed Plastics As Structural Materials 


very low-density high-hvsteresis 
were used in pl 

the moment 

v Increased with ar 


the high hvsteresi 
it the transmitted vibratory 
lagnitudes in 


nsmitted by a 


Fig. 3—Dynamie response of unisolated structure to forced 


vibration at various values of applied vibration (a 
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member. Thus, structures possessing an extremely high 
strength-weight ratio could be built. 

Foamed plastics are resinous materials having a cellular 
type of structure. Since foams are formed from basic 
resins, the properties of the foams depend upon those 
of » resins used. 

Plastics foams have, in general, good thermal insula- 
They have 


ratios and very good electrical properties. The mechanical 


tion properties. excellent strength-weight 


properties are governed not only by the type of resir 
used but also by the cell structure and density of the 
foam. In general, mechanical properties improve as the 
is increased. Foam densities may be varied be- 
tween the rather wide limits of 1 to 40 |lb/cu ft. 


Foamed plastics can_ be 


density 


classed as flexible or rigid 
Some of the foamed plastics are “foamed in place.” The 


compound is poures int i cavitv created by adj acent 


1 


plastics are sold in various shapes 


and sizes and are cut to size by the user. 


. a Sa 
members. Prefoamec 


Both open-cell and closed-cell structures are available 
he closed-cell type consists of a network of individual 


and does not absorb liquid. The open-cell type con- 


sists of a network of interconnected cells which do absorb 
moisture 

The mechanical es of using low-density low- 
ic-response {i 


in packaging have been 

istrated. In a practical application, these 

nst certain disadvantages. 
member, of itself, is not 


prope rties. 


for example 

the material should be 

r best usage thus avoiding 

il of the compounds, notably 
must be covered. 


+ 


roperties are a consideratior 


Fig. 4—Difference in vibratory acceleration transmitted to 


components mounted on a ssis under conditions as noted: 


vibration-isolated or rigidly mounted. 








only when evaluating the stresses induced by assembling 
the electrical components to the sandwich structure. With 
a properly designed sandwich structure, this problem 
becomes insignificant. 

lhe static mechanical properties are not a major con- 
sideration in evaluating the strength of the 
under forced vibration. The mechanical criteria « 


There fore. the 


structure 
ft failure 


is fatigue. dynamic stress, 01 


resonant 


is the significant Because the internal 


stress, 


property. 
hysteresis is significant in determining the magnitude of 


1 member. the 


resonant response ol resonant stress of a 


high-hysteresis material can be mad 


I less than that of a 
ligh-static-streneth low-hysteresis material. 
Perhaps the 


most significant disadvantage o 


package 
associated with forming 
With 


minimized 


plastics Wt cost. 


fabrication 


structures Is 


s the cost a chassis with a sand 


h tv pe construction. reasonable production 


quantities, this can be 


An additional 


foamed plastics 1s the 


consideration in t he application of 
thermal conductivity (A) of the 
A 2 to 3 Btu/hr/sq ft/deg 


I ft. This property can be used to advantage for insula- 
pro} 


material. For isocyanate. 


tion purposes. but mav be detrimental when a good 


thermal path is required for an electric component. 
lhe temperature limits of the various foamed plastics 
ire divergent. 


700 F, 


with the silicones offering compounds good 


Evaluating Foam Compounds 


ever be 


weceleration 


lreque nev spectrun 


) 
1 2OOO 


sponse of the he ams is shown In | 


kor comparison. the response of the 0.032 aluminun 


sandwich beam may be evaluated against the response ot 


in 0.0604 in. all-aluminum cantilever because e weight 


ot the two are nearly 


equal. It can be seen that at the 


resonant trequency the transmitted acceleration of the 


laminated beam is only approximately 7 per cent { that 


old aluminum beam 


} | 
Sihicone foams were ftound to possess 


bonding 


poor 


properties and were. therefore. not tested in sandwich 


ty pe beams. 


Phe sandwich tee hnique is directly appli able 
to chassis decks of electronic equipment and. in genet al. 


to any large. flat ireas subjected to resonant vibration. 


lo evaluate a sample of a silicone foamed plastic. 


special fixture was made (see o, 8). The 


dynamic re- 


sponse to forced vibr ition over a lrequene \ spectrum oT 


20 to 2000 cps is show? Fie. 9. For comparative pur- 


an identical fixture 


poses, 


. ; 
was made with isocvanate toam 


used as the elasti member The response ol this sper imen 
to forced vibration is shoy in Fig. 10. 
The obtained 


hibits a 


data she hat the silicone 


dampit e capacity 


foam ex- 


create! than the isocvanate 


foam sample. In addition. the 


isocvanate foam has an 
limit of only 135 ¢ 


approximately 0 CC for the 


upper temperature as compared to 


silicone foam. 
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big »—Sandwich-ype cantilever beams employed in. testing 
modified polyisocyanate foam compounds for vibration-isolating 
elements in electronic 


packages. 


Solving Design Problems with Foam Materials 


(he mounting of the multitude electrica 


| 


( OMmMpt Ising a 


“black boxes 


Fig. 6 Force-de flection 


cyanate foam. 


characteristics of modified polyiso- 
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mass of the small 
siderable driving 

resonant vibration 
hood of damage t 


The harness 


intilever 


The dynamic response of aluminum-skin polyisocyanate 
beam specimens subjected to vibratory acceleration 


{ to of g over a spectrum of 20 to 2O0U cps. Comparison Is 


vith all-aluminum beams. 


Fig. 8—Fixture for evaluating specimens of silicone foamed 


materials which are not adaptable to sandwich-type 


beams 


specimens. In this arrangement, the silicone functions as an 


elastic member loaded by mass of an embedded steel plug 
lhe natural frequenc’ 


the specifi atlor 


in infinitely flexible 
place the natural frequency outs 


vectrum. Ther it resoné . the 
transmitted 
structure 


input ener 


1 acceleratior 


least 50 &. when measured 


a : ; , 
This acceleration level 


n magnetic amplihers ane 


Fig 9 Dynamix response tor silicone toam specimen under 
forced vibration, using the test fixture shown in Fig. 8. Fre- 


quency spectrum is from 20 to 2000 cps. 
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tubes. This level can also cause contact chatter of relays 


in addition to structural deterioration of all such com- 
ponents. 

The use of a foamed plastic as an encapsulating mate- 
rial can substantially improve the vibration resistance of 
sensitive electric components by reason of its low mass 
and dynamic response (see Fig. 9) Further advantage 
can be taken of the foamed plastics by designing the pack- 
age so that the foam is an integral part of the structure. 
This not only protects the embedded components, but 
reinforces the basic nonferrous structure. 

Such concepts find ideal application on modular type 
packages consisting of a group of plug-in expendable 
modules, each containing electric components common 
to a given electrical function. For certain commercial ap- 
plications, units of this type are not well received costwise, 
but for military usage the advantages gained by simpli- 
fying circuit trouble-shooting and allowing replacement 
to be made by a technician of limited training can more 
than balance the cost of the replacement units. Further- 
more. the reliability of a circuit can be made such that 
little likelihood exists of failure over its anticipated serv- 
ice life. 

Components having high power losses must be given 
special consideration when embedded because the co- 
efficient of thermal conductivity of foamed plastics is very 
low. For isocyanate foam with a density of 10 lb/cu ft. 
K 2 to 3 Btu/hr/sq ft/deg F /ft. 
Where heat transfer is to be accomplished by conduction 


as already noted. 


to the airframe. heat transfer straps made of a good con- 
ductivity material must be employed, Fig. 11. 
In higher thermal ambient applications. where cooling 


air is available, the insulating properties of the foam can 


Fig. 11 


plastics is low. special attention is required in using components 


Since the coefficient of thermal conductivity of foamed 


with high power losses. Heat transfer straps are used in static 
exciter voltage regulator. 


(fran 
eQu y - 


Fig. 10 
foam tested in a test fixture similar to that used for silicone 


Comparative values for dynamic response for isocyanate 


foam (Fig. 8). 


be fully utilized. Components embedded in foam are 
insulated from the ambient temperature of the aircraft 
compartment and can receive their cooling by means of 
air ducts cast within the embedment. Complex passages 
can be formed, if necessary, by the use of a low melting 
point alloy as core material. After embedment, the cores 
can be melted away, leaving the air passages. Figure 12 
illustrates this principle. 

Figure 13 shows an encapsulated current transformer 
package designed to withstand 10-g vibratory accelera- 
tions to 500 eps. In this instance, it would have been 
impossible to provide a rigid, low-response package at a 
minimum weight without the use of foam encapsulation 
and still have a practial means of assembly. The top half 
of the package is assembled easily. The current trans- 
formers are merely dropped on the three primaries and 


Fig. 12—Cast-in air ducts are used in this design to provide 
for cooling of an electronic package. 
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Fig. 13—Cut-through view of encapsulated current transformer 
package designed to withstand 10 g vibratory acceleration to 
300 eps. Foam encapsulation made this design possible well 


within specified weight limits. 


by strips of tape prior to encapsulation 


The box is fabricated from extremely thin aluminum 
sheet because the isocyanate foam, bonded to the walls, 
reinforces the structure. 

A packaging engineer has some 10 commercial types 


of foam plastics to consider.* These are phenolic, poly- 
ethylene, polystyrene, silicone, syntactic (nitrogen-filled) , 
epoxy, cellulose acetate, urea formaldehyde, urethane, 


vinyl. 3 
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Positive Over-Temperature Protection 
—with Heat Limiters 


from page 63) 


The same type was imbedded in the windings of bell 
ringing transformers and, with the flexible wire leads, 
molded in with wires to limit the temperature reached by 
the heater used for automatically defrosting refrigerators. 
Since such heat limiters cannot be replaced in the field 
the success of the application depends upon replacement 
of the complete unit where dangerous temperatures are 
reached. 

Element Type. Applications such as electric clothes 
driers require an enclosed heat limiter with a higher cur- 
rent rating than that of 


t 
in} Fig. 4B meets t 


he coil type. The element type, 
his requirement. It is rated at 
15 amp or less or 2000 watts at 120 volts and 4000 watts 
at 240 volts. 


snown 


Element-type heat limiters have a thermal cutout lo- 
cated in the center of a glass tube. When the fusible alloy 
in this thermal cutout is softened by heat, a spring pulls 
i current carrying strip out of contact with the cutout 
to open the circuit. The melting point of the fusible alloy 

be varied between 200 and 400 F. The element type 

“ss sensitive n the terminal connections than 
r coil types because the fusible alloy is in the 

the glass tube. Hence 


slower than eit 


its thermal response is 


How- 


other two types. 
is the only is self-protecting. 
the descriptir leaf and the coil types, it 
tioned that the current rating was limited by the 
f beryllium copper spring in the 

pper strip in the second. If the cur- 
bevor rating. the spring in the 


nay be annealed. destroying its ability to open 
I 


too much current is permitted to flow through the 
copper strip in the coil type. it will fuse open, permitting 
the current to flow through the coil spring and damaging 
its spring properties. Hence both the leaf and the coil 
heat limiters require additional protection if the current 
is not limited by the device itself. The element type, on 
he other hand, cannot be damaged in the same way. In- 
creasing the current through it beyond its rating of 15 
amp merely generates more heat in the limiter itself so 
that less conducted heat is required to make it open. If 
the current becomes sufficiently large. 


because of the current alone but. no matter how hish the 


the limiter opens 
current. it cannot be damaged without opening. 

For this reason the application job is less complicated 
with the element type, but the application of any of the 
three tvpes requires a realization that the heat limiter 
must remain in the circuit under normal operating con- 
ditions and must open under fault conditions before the 
heat can build up to dangerous temperatures. After the 
proper type has been selected, satisfactory operation may 
depend entirely on the location of the heat limiter in the 
machine. 

It should be noted that the coil and element types are 
available with axial or right-angle pigtail leads of tinned 
copper or with ferrule contacts for mounting in stand- 
ard fuse locks. The leaf type, due to its construction, 
must be rigidly mounted using the terminals shown in 
Fig. 1. OOO 





Motorized Actuators 
in Hydraulic Systems 


The increasing use of hydraulics in servo 
control systems has lead to the need for 
motor-operated valves capable of follow- 
ing servo signals promptly and accuratel 
Recently dea eloped valves of this {ype can 


perform many functions and some, be- 


cause of the flexibility achieved with elec- 


control. are capable of multiple. 


function operation. The application of 


si 4 j j 
These neu el er rohvdraulu components 


is illustrate d and de S( ribe ad. 


JULE HULMAN, Design Engineer 
Unireo Hypravtnics, Inc.. Davton. Ohio 


HYDRAULIC CIRCUITS QUITE OFTEN contain no provisior 
for the modulation of hydraulic flow or pressure during 
the work cycle. A typical case of this type of circuit is 
that of the hydraulic The pump is connected di- 
rectly to the press work cylinder and causes the evlinder 
to move toward the work at a rate comparable to full 
pump capacity. The pressure in the cylinder and the pump 
is low until resistance is met and then it rises rapidly 


pre Ss, 


as the work resistance increases until the maximum pres- 
sure, as limited by a judiciously placed relief valve, is 
reached. Work continues at maximum pressure (or maxi- 
mum thrust) until completed. 

Frequently a flow valve is added to the circuit just 
described to adjust the maximum flow so that the speed 
of the ram can be limited. Both the flow and pressure 
limits, although adjustable, are not normally adjusted 
or controlled during the work cycle. Most hvdraulic press 
operations do not require this refinement and are very 
satisfactorily completed with only flow and pressure lim- 
iting devices. 
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presses 


Lhe re | 
and other installations, which either need flow and pressure 


are hydraulic cylinder applications, for 


modulation during work or must be easily adjustable 


from a control board or pendant station. Such an arrang¢ 


ment takes care of adjustments for each specific job, 


particularly short-run applications. Bringing the control 


to the operator makes it possible and probable that the 


iltimate in settings will be employed. Work improvement 
generally results from the improved and flexible control 
thus obtained. 


The foregoing discussion has pointed out the need 


t 


flexible. remote control or adjusting hydraulic elements 


The adjustments can be made by using other hvydraul 


‘ + lf 
qevices, Dt Chl 1 arrang hit iV 0 iend itsel 
present programmed wo! eveles, which usually 

| ' 
controls. In addition, the piping 


fluid (particularly at high 


electronie 


pressure 
nsole is not desirable. The need 
ectrohydraulic link is thus suggested. 
Motorized Actuators. Pressure control can 
vided it 


hvdraulic circuits by the use of relief valves, 


pressure reducing valves, or sequence and unloading 
valves. Whether these valves are direct acting or contain 
internal pilot valves, they are controlled by turning 
small adjustment screw. This adjustment, originally per- 
formed manually, can be achieved by a “motorized actu- 
itor.” The actuator then becomes an electrohydrauli 
ink. making it possible to control the hydraulic “slave 
or muscle” components through the use of an electri 
monitor or electronic programming circuit. 

lhe simplest electrohydraulic control would be a selec- 
tor switch which would raise or lower the pressure setting 
1 certain amount for each position of the switch. To this 
could be added the refinement of two-speed (or more) 
operation of the actuator to provide rapid approach and 
then sensitive adjustment of the valve. Limit switches can 
ilso be used to provide safe minimum and maximum 
settings or to provide for pre-set pressure adjustment 
which can be selected with pushbutton controls. 

The second refinement is to include a servo feedback 
control so that complicated programs or functions can be 
followed. The valve can then be made to respond to any 
measurable function such as force or thrust, strain, yield, 
or temperature. If a motor is involved in the hydrauli: 
circuit. such functions as speed, total revolutions, or 
torque can be controlled. A motorized actuator capable 
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Fig. 1—Motorized actuator for electric control of hydraulic 
valve. Actuator is approximately 6 in. long with 2-in. diam. 


of accomplishing these functions is shown in Fig. 1. It 
operates on 15 watts or less. This unit provides easy, 
rapid control of hydraulic valves or complete modulation 


of valves during work cycles. Primarily it provides pres- 


-¢ Fig. 2—Motorized metering valves for flow control in hydraulic 


sure control although, if used in conjunction with a fixed 


systems where adjustment of functions such as speed or torque 
restriction, flow control can also be achieved. is mecessarv 


In the preceding discussion, a fixed displacement pump 


with pressure control achieved by line valves was as- 

sumed. If a variable volume pump is used, the actuator ( ) \ if valve high maller of the two shown 
in be placed at the pump to control either displaceme nt 1,-in. ports and the larger “4 in., and they will carry 
ir pressure, or both. 10 and 40 gallons per minu o 100 psi, respectively. 
Flow control elements in hydraulic circuits generally [he ‘ : tightly fitted so that they will control a 


an adjustable restriction in series with a fixed wide range of flow (from full flow to 1/1000 or 1/10.000 


4 1 


ire drop (or differential) control. Conversely, other of full flow) at pressures up to 3000 psi. 


ices employ a fixed restriction and an adjustable Application of Flow Control. A typical application 
ressure drop control. In either « . the adjustments requiring flow control is a hydraulic motor driving a 


i 


re manual. If a steady. controlled ] or pressure mill or lathe spindle. In this case the flow is regulated 
preter ibly) can be I . the use of a motor- in order to control the speed of the spindle. Torque con- 


metering valve will provide ljustab mntrollable ol is also provided by means of a pressure valve. Fi 
I i 


low and permit the control to be remote and linked ure 3 is the hvdraulic circuit for such a svstem. The 


electrically to a monitor. A motorized metering valve elements and basic circ y are simple and control is 


of this tvpe is shown in Fig. 2 The basic flow capa ity easily accomplished fri n I small control board. 





ikea 


Fig. 3—Flow control circuit for hydraulic motor spindle drive. Fig. 4—Flow control circuit for reversible spindle drive. In- 
Valve A limits pump pressure and maintains constant pressure, terlocking of actuators provides for “no-shock” shifting and 
B adjusts flow to control speed, and C provides torque control. minimum heat generation during off periods. 
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Bi-directional control of a hydraulic motor requires 
the addition of a flow selector valve (4-port valve) as 


shown in Fig. 4. This type of valve (D), whether it is 


manual, solenoid or air operated, can be placed between 


B and the motor. Assuming that it will be desirable to 
be able to lock the motor when the machine is not in use, 
a 3-position, 4-port valve with ports blocked in the cen- 
ter position is used. If a solenoid valve is used for D. 
the solenoid action is interlocked with B so that D cannot 
shift unless B is in the closed position. A “no-shock” 
shift is thus achieved. As a further refinement, valve A 
can be interlocked so that it is open (to reduce pressure ) 
when B is closed. This arrangement also reduces heat 
generation during the “no-work” time. 

Figure 5 shows the electrical interlock system for the 
hvdraulic circuit described. With this system. the spindle 
is started in either direction by throwing the “Direction” 


Limit switch 
low pressure 


L.Ow pressure 
mit switches 


shown octuoted 


Limit switch 
high pressure 


(speed) 


S¢ (torque) 


switch 5, Relay Ra and the proper solenoid for selector 
valve D are thus energized, and motor actuator M, sets 
valve A to produce the required pressure. Since the cir- 
cuits for the actuators of valves B and C are identical. 
only one is shown in Fig. 5. 

Motorized Selector Valve. A typical selector valve 
1). with motor actuators instead of solenoids is shown 
in Fig. 6. The motorized actuators stroke or position the 
valve piston left or right in the same manner as solenoids 
except that (1) stroking can be accomplished at an ad- 
justable speed and (2) the valve can be positioned at 
any intermediate position between off and open. If the 
selector valve D has inherent metering (accomplished by 
using a long stroke piston with properly characterized 
ports) and if motorized actuators are used to stroke the 
valve, then D can accomplish the triple function of 
selecting direction, controlling speed, and eliminating 
shock during shifting. Additional valves A and C are 
required only to provide pressure or torque limitation 
and off-time unloading. 

Valves basically the same as D in Fig. 6 are now being 
developed and tested. Instead of the dual actuator shown. 
however, a single motor coupled to the valve piston 
through gearing is employed. A cutaway view of such a 
valve is shown in Fig. 7. This valve is a sliding spool 
type with characterized metering on both sides of the 
center sealing land to provide metering or flow control 
as well as direction selection. It has a capacity for han 
dling from a few drops per minute to 20 gallons per min 
The valve is stroked Ly a threaded stem rotating in ball! 
bearings which absorb the thrust. A spring is included 
in the valve spool to reduce backlash, and the stem is 


Fig. 5 (left Electrical circuits for system shown in Fig. 4 
Actuators are interlocked so that valve A (actuator M 
before system is put into operation 


is open 


Fig. 6—Motorized valve D performs triple function of direction 
selection, speed control and elimination of shock while shifting. 
.Valve A provides “off” time unloading and C controls pressure 
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sealed against leakage at the open end by an O-ring. 

A limit switch assembly, onto which a potentiometer 
may also be mounted to provide a servo feedback signal, 
is also geared to the actuator. The limit switch assembly 
is of the traveling nut and screw type with limit and 
centering switches at each end. The positions of all of the 
switches are adjustable. The valve requires 12 turns for 
a complete stroke. Motor and gear combinations can be 
obtained to provide a full stroke time of 3 sec or more. 
Control can be positional or in response to a servo sig- 
nal from an electronic amplifier. 

The basi 
tained from the proportional high dynamic type of 4-port. 


valve. This valve is small and light in weight and is best 


valve performance described can he ob- 


suited for relatively low flow applications. It was designed 
for and performs admirably in high-frequency control 
applications. 


VALVE 
ASSEMBLY 


LIMIT SWITCH ASSEMBLY 


DRIVE MOTOR 
AND GEAR BOX 
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Industrial control problems require smooth, stable 


positive change between settings more than high 

quency response or modulation. For instance. a hydraulis 
lathe spindle drive may require four different speeds for 
each loading. It may be necessary to change the speeds 
in seconds rather than microseconds, but it is important 
that the speed during any one 
that the tool load will not vary 


correction should take place comparatively slowly and 


operation be constant so 


sharply. Therefore, flow 


smoothly. 


The high dynamic valve fundamentally is a short-stroke 


continuously, 


control by 


“dithering” and effectively presenting the correct average 


valve which achieves flow 


restriction to achieve flow control. The modulating valve 


can remain static at anv desired flow and will move only 
[his is ae 


when flow change is required hieved by a long- 


stroke, characte rized-port ty pe f valve. 


MOUNTING PLATE 


Fig. 7—Three-position, four-port valve 
with precision modulation of flow 
from off to full in either direction. 





The Anatomy of Automation—| 


So that the problem areas can be defined 


for the machine and control designer. 


automation terms are classified and de- 
fined concurrently, the goal being to lay 
bare the principle features and character- 
istics of this new production technique. 


to reveal its anatomy skeleton. organt¢ 


structure. nervous system and brain 


showing its parts and thei position, 


structure and function. 


GEORGE H. AMBER 
Consulting Engineers 
19925 Schaefer Highway 
Detroit Michigan 


ind PAUL Ss. AMBER 


Corpus Automation 


[The authors view automation as consisting of f 
sections: 
1. Basie elements of automation: analogous to auto 
tions skeleton treated in table 
through 4, 


Manufacturing: the use of ene 


These terms are 


rgy. Analogous 


the organic structure of automation. 


are treated in tables through 9. 
Control: the use of information. Analogous to 


These 


nervous system of 
treated in tables 10 
Mechanized 
brain of automation. These 
tables 15 through | 


The reason for nv 


iutomation 
through 14. 


mental operations 


terms 


Analogous to 
terms are treated 
classification is that it he 
ledge should be 


in a most logical and effective wav. The 


organize knowledge, Kno systemati 


classificati 
used herein are tentative, subject to change as auto 


lion develops some ot the 


definitions may be ¢ 
sidered arbitrary, and inconsistencies may appear, 
inalysis has helped clear 
the subject in their own minds. Both the 
the editors would 


this system of classification 


the authors feel that this 


authors 


welcome comment and criticism 


our 


ma- 
s | 


to 


These terms 


the 


are 


the 


in 


Ips 
zed 
ons 
ma 
on- 
but 

up 
and 


on 


IN THIS SYSTEMATIC ANALYsIS of the automation concept 
the bones first are laid bare in definitions of energy and 
information, the broad automation area, “orders” of 
automaticity. and in distinguishing between manufactur 
ing and processing in production. 

Energy and Information (Table 1). [he 


common denominator” of any 


“least 
(manual, mecha- 
nized, or automatic) is the work accomplished. Work is 
proportional to Force times Distance, and is equivalent to 
its broadest 
based on the 
ad the 


pro¢ ess 


the energy used in performing the work. In 
sense the science of thermodynamics 1s 
conversion of energy from one form to another. ar 
nature of the work involved in the conversion. 

(An important concept in thermodynamics is that the 
existence of energy in a system is not as important as 
is its availability. Energy can be readily converted from 
a high potential to a lower one. but not the reverse. The 
creater the relative potential of energy, the more avail- 
able it is for conversion, to develop work. As the energ 
in a system loses its relative potential, and the potentials 
over the entire system become more alike, energy becomes 
less available The index of unavailability of energy 
termed entropy 

Though energy is the basis of all work. energy alone 


what to do and hov 


without the guidance of information 
to do it 
recently. much attention was devoted to 
ind very little to th 


of the energy 


cannot accomplish anything useful. Until ver 
energy proper 
information required to make ust 
Yet energy and information are inse parable. net 

Information cannot exist 


kor 
I I 


Energy and Information cat 


without information is chaos. 


without some energy by which to manipulate it. 


practical purposes though. 
be considered as separate « ntities. The two basic elements 
for the accomplishment of all useful work are therefore 

1. Energy, to provide “force times distance’, to 
complish work, 


» Information, which concerns the 


manne! 
work is accomplished. 
Vachines are devices that mec 


the use of energy 


hanize 
to perform useful work. Controls are agencies that direct 
how machines work. /nternal control is inherent in at 

is of the parts 


2 iriable 


machine. being dependent on the interaction 
External control is mode 


to do, 


ind met hanisms. 


dictating what a machine from 


mat hine prope I 


Both enerev and information can be mechanized. For 


ill practical purposes, we are completing the era of the 


{ 


mechanization of energy; we are just entering the era ol 


{ 


intensive mechanization of information, the domain 


iutomatic high performance control systems. 


As information becomes increasingly mechanized, 
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machines and their control systems assume more breakdown or disorg 
roles of men: and automation (machines without men increase Therefore, 
becomes more commonplace It has been found that ma needed. This may be 
hines with some human characteristics and faculties car into a system. For 

e treated somewhat as men: and that mechanical chat machine 

cteristics of men can be treated as machines 

The sCience ot ( vhbernetics shows to vhat ext 
hines and living things can be interchanged 
ire of cybernetics is that it treats information on a pat 


vith energy. The term entropy is used specifically t 


epresent the unavailable energy 


pertinent te 


Automation Areas (Table 2). [hers 


et ] eaged areas iULG itlor 


work 


energy 


thermodynamics 


entrop» 


ev bernetics 


information 


control intended to Control of 

obtain a spec ine re orders; the control of animals DV 
The “message” signals; the control of machines by the 
be verbal, physical, inherent interaction of the mechanisms; 
the form of ele control of a machine by levers, servos, 


signals automatic “controllers”. 





grade version behind the scenes. There is considerable 
overlapping between the divisions of the areas. for it is 
only good sense to “borrow” techniques from adjacent 
areas for use on new applications. The leading automation 
areas are military automation, office automation, and 
industrial automation. Automation of science and en- 
gineering is important, too, but we will never have 
“science without men” as we may one day have “pro 
juction without men”. 

Technically, military automation, such as radar, fire 
control and missile guidance, is far advanced over other 


for ms 


f automation. Military automation techniques and 


2—Automation Areas 


Term 


military 
automation 


office 


automation 


industrial 
automation 


science and 
engineering 


automation 


3—Orders of Automaticity 


() 


zero order 

i 
hand tools 
and manual 
machines 


first order 
1 

power drive 

machines 


second order 
1 

power feed 

machines 


third order 
1 


automatics 


fourth order 
1 

feedback 

machines and 

processes 


fifth order 
1 

computer 

controlled 


tro 


Mac hit 


processes 


expressed as equations 


Wwe? variable 
machines and I orm . fo 


qualitv control. ane ww other sign. tape decoding. automatic balancing 
phvsical 


the storehouse of proven parts and components developed 
for military control systems are an indispensible aid to 
the non-military automation practitione im 

Industrial automation is the area stressed here in the 
“Anatomy of Automation”. When the term automation is 
used without a qualifying adjective such as. office, it 
refers to industrial automation. A_ basic concept ol all 
industrial automation, is that 
**routine means machine’. Machines can do routine work 


automation, especially 


only. but can do such work very well. Men can do varied 
work, but do routine work badly. One approach to auto 


mation is to actively search out produ tion routines tor 


Discussion 


irpose 


Fitna deedhitne pall eednntinn atabl 
mans, ries. gen 
erators ~d >oryy! T eve contr Is 
“nost ontrol” grinding ma 
ch in¢ 


Machines that use mentor control computers 


for automat computations of machine 
mean, standard deviation 
an ) maxima-minima, self optimizing 

' | 


quality control, 
turbine fuel 


control, machinability contre product de 


g 
machines, and automatic 1 control lathe 
radar. fire control directors, and automatic 
navigation 


ment: hat can 


ELECTRICAL MANUFACTURING 





wssible performance by machines. Machines can work maticity’. This has been likened to an “automation yard 
faster, and some machines, such as computers, can do stick.” Note that it is not mechanization that is classified 
vork a nan can hardly do at all. but automaticity, the extent of se!f-action. The criteria® 

It m gut appear that seemingly non-routine production used in resolving automation into the steps given in table 
yperatio.s can not be done automatically. However, } is the human faculty of self-action assumed by a ma- 
writing an equation of a process renders that process a chine. Beginning with devices with no self-acting proper- 
routine subject to automatic methods. The pertinent con- ties. classified A,, automation can be classified through 
stants, parameters, and variables of a process are isolated. A,,, but A; is the practical limit of industrial automa- 
An equation is then written of the interrelationships of tion today. 


the factors involved in the process. Automatic solution Production: Manufacturing and Processing 
the process equation by a computer control system (Table 4). Automation can be considered to be simply 
s equ valent to controlling the process. This is the future automatic production. Ther ire two distinct methods 


} j 


for industrial automation. . roduction is accomplished. In general. produc- 


di 
Indispensable prerequisites to such computer control I) involves piece parts is termed manufacturing, 


t 


echniques are methods for automatically sensing and hile production that involves something that is more 


1 


measuring the factors and dimensions that apply to the or less continuous in time or space is termed processing. 


is is the immediate job for today’s automa 


processing opera- 
e } c 
methods or a } } dimenscione of manul 


scheduling. roker rm into discrete unit while the dimen 
yective ie “automatic factory” is to have 


ymation direct the in lustrial automation. } } leton ¢« iu mat . It is made uD 


Orders of Automaticity (Table 3). 


primarily industrial) is classified into yrders of 


Automation 


4—Production: Manufacturing or Processing 


Ter Def 


production 


manufacturing 


processing 


5—Modes of Manufacture 


T 


manual 


mechanized 


automatic 


automation A continuous series of Transfer machine. numeri 
4utomatie operations, in skin mill, computer controll nked_ togethe hy ecial materials-han- 
an integrated sequence: : oil refinery, generator statio dling “transpor ” machines: or consists 
or performed concurrent- rf pe pose all-in-one “automatic 
ly or simultaneously. ‘ontinuous manufacturing machine”. 
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the elements. energy and automation. There are about 


operations. The organs pertain to the modes, objects. 
four “spect ie 


military, industrial. office, and science and 


agencies, aspects, and factors of manufacture. 
engineering. The “orders” of 


automaticity delimit its 


capabilities. Its “modes”, how it accomplishes its results, SECTION IiI—Organs of Automation 


are by manufacturing and by processing. Modes of Manufacture (Table 5). Wanu/actur: 
We can now devote our attention to the 


internal originally meant “made by hand.” Using machines to do 
organs of automation. how automation uses energy to “manual” chores constitutes mechanization. Assigning 
accomplish work in performing mainly manufacturing self-acting characteristics to machines. such as power, 





6—Objects of Manufacture 




















erm Definitior coumphes Discus 
product [he object produced by \ tboard motor is the end product he end product of one pre ss mav be tl 
lanutacturing I proc- ot hea manutacturing i computer raw iterial, stock, plece pa ponent 
ssing e pro ct ot ect a aC t r pr ess as an a 
iring . es al ro t of sof il i pi e- 
ulactu £ 
unit \ portion of a product \ gneto and carburetor, ar nit b i g i packag 
hat is comy é itselt ) amp S S ik ] é 
s probal 1 j ‘ i or ra i< ar \ S esf y true 
- r it MW lI t < I I f 
inutac g ocess ? é sta 
component \ ijor sect fa \ er head is a nent part \ ‘ S 
I 
piece part \ separate finished part Be ne eal esistor. < \\ ‘ 
i nat De 
t =~ 
work \ t : hone to the Dy o g Kt 
iob \ k 1) cf \ 
1 
| 
stock | < sta tr | ext eX ro () 
é br 
materials Subst : Dy t P | 
7—Agencies of Manufacture 
| Dy Examples liscus 
ccc eis eiadeaemeanamgcidaae 
process \ \ semi - heat treat: “trans Wher ‘ process loes Yt requ the 
é 1 atio r ‘ } ' 
‘ - t 37 oy — 
t equ t he 1 9 
s {ling I andlit 
machine An asse equi] \ y in \ ' ’ 
ent tl i particu ile roll g 1iling : t is subj r 
tle carette pen 9 } k extern 
} f ner t “ s perate \ r co 
iters ou not be ter wchines 
station Portion f i ichine Dr ng station indexing station: cut ({ station is part of a ehu B ns 
here a specif opera ting station; electroplating = station; of more r less standard stat s, manv 
on is performe brazing station; assembly station arrangements of achines can be created 
mechanism The elements of a station Drill head: index cams: nand saw; 4 “mechanism” is a co iponent of a station 
that cause the specifi induction heater: stud tightener 
action associated with a 
station 
+ + 4 a ' oe 
1 L 
tool The object that comes in|) Drill: clamp; saw; heat: wrench; ham The tool is what finally does the work, 
active contact with the mer; reamer usually consisting of forming or cutting. 


work piece But a “tool” could be an e/ectric current, 


for plating: or heat for brazing; or an air 
blast, for moving light parts. 
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feed, and control, increases their order of automaticity, 
until A., whereby a machine can be entirely self-acting. 
Machines A, and of higher orders of automaticity, when 
used collectively and working in concert, 
automation, 

Objects of Manufacture (Table 6). The end result, 
the ultimate form or object accomplished by a machine 
or process, is the product. The product may be composed 


of units. A unit in turn may be made up of components 
whic h ire 


process. A station is a section of a mat hine. A mechanism 
is a part of a station. The tool is what actually comes in 
contact with the object being worked on. 

constitute It is important to note that most of the 


definitions 


and classifications here in the “anatomy” are relative 

A drill. for example, may be a process, machine, statior 
mechanism. or tool depending how you look at it. 

6s 1 

Aspect of Manufacture (Table 8). “How you look 

at it’ determines the aspect of manufacture. The t 


aspects most commonly enc untered ire the functiona 


hree 


Ht 


assembled or formed from piece parts. Piece 
parts are made up f1 


om raw stock or materials. The work, 


is the general operation performed to the object being “black 


worked on. and the jot a piece ol work 


1 y ’ 
operational. 1 ' VSie i [he functional aspect 


I 
rx Ippro ! nv machine or system is 
is the sper i fie 


( 


machine action that takes plac e. 
Agencies of Manufacture (Table 7). The “agency” 
of manufacture is the vehicle by which work is per- 


oa ci Reprints 
formed on the “object” of manufacture. The process is 


the “whole works” by which a certain type of work is 


iccomplished. A machine is a portion of the overall 


8—Aspects of Manufacture 


I 
le 


functional 


operational 


9—Factors of Manufacture 
Ter 


ission 
factor 


number ot 


physical 
tactors 
a fixed value; 
constant; and the vast num- 
ay be neglected 
negligible t that have th i ant sivalicnae atound ae aaa 
w pertinent tat 
eters and variables 
as necessary 


pertinent cto lo have § Constants that must av —_ as portions, s¢ me 
some effect on the pro¢ in the machine aesign, as tu ication which — 
nd must be consid tions: parameters that eglected: and he might neglect 
f a) ible, such as feed rate: iabl he factor ich as vibratior 

vust be accommodated I | t 


work 


is 


constant 
parametric al 


val iable 











Heat Resistant Laminate 


or 


Supersonic Airborne Equipment 


Evaluation of new type felted asbestos-base phenolic laminate for severe envi- 


ronmental structural-heat problems in airborne electronic systems and components 


veloped to meet this need. Of particular interest are 
felted asbestos phenolic laminates. The raw materials ir 
F. WILLIAM JAHNS, Jr. 7 these laminates are felted asbestos made from extra long 
: > Corp ie 
CONTINENTAL-DIAMOND FiBre ORPORATION staple nonferrous. crade asbestos Gher, ASTM crade 
A Supsiprary OF THE Bupp COMPANY eras : : : 
Newark. Delaware (D375-52) AAA \. impregnated with a_ heat-resistant 
phenolic varnish. The work in laminates has been pre- 
ceded by a good deal of work on molded parts made of 


MATERIALS IN THE FIELD OF HIGH THERMAL INSULATION, macerated asbestos heat-resistant phenolic material which 
acting as heat barriers with retention of strong structural is already commercially available. 
characteristics and dimensional stability. are becoming of The felted asbestos phenolic laminate research has 
great interest in new design of electrical and electrome- given at least one industrial application, in continuous 
chanical systems and components. With new thinking in operation of these laminates at 500 F and an intermit- 
the areas of airborne missiles. supersonic aircraft. and tent operation at 900 F without breakdown of thermal 
high energy fuel and electrical systems such materials and mechanical characteristics. Other tests have shown 
have already gone beyond the point of interest to where successful exposure to temperatures of 2500 F for 60 
they have become a necessity. sec and 3500 F for a period of 6 to 10 sec. Some typical 
Improved asbestos phenolic materials have been de- mechanical properties of these laminates are shown in 


Table I—Typical Properties of Felted Asbestos Heat Resistant Phenolic Resin Laminates” 
Specific gravity 1.7-1.8 








| Flexure | Ultimate Tensile Ultimate 
Property modulus strength modulus flexural strength 
Flexural Strength, psi 5.0-6.0 x 10 50.000-60,000 | 
Tensile strength, psi 45,000-55,000 | 5.0-6.0 x 10° | 
Percent retention after immersion in water (30 days 90-100 90-100 
Per cent retention after 200 hr at 300 F 85-90 85-90 
Per cent retention after 100 hr at 500 F 80-90 68-78 
Per cent retention after 200 hr at 500 F 68-78 52-60 
Per cent retention after 5 hr at 700 F 48-52 45-50 
Per cent retention after 14 hr at 1000 F 35-38 20-25 
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Fig. | 


laminates may be 


Molded Felted 


machined by conventional methods. The 


tubing. asbestos-base heat-resistant 


counter bored sample was machined on an automatic serew 
machine to show turning and threading operations. 


fable I. The increased importance of these laminates to 
military applications has become evident in the release 
of tentative minimum mechanical specifications as illus- 
trated in Table II. 

A further illustration of design application may be 
shown in the dimensional stability of the laminates in 
finished parts that have been subjected to temperatures 
of 300 to 350 F in dry or wet heat where negligible 
change in dimensions or mechanical strength have been 
observed. Other tests have shown that these laminates 
essentially retain their dry properties after a 2 hr immer- 
sion in boiling water or 30 days immersion in water at 
room temperature. 

An interesting observation noted during temperature 
testing is that there are slight increases in mechanical 
strength at extremely low temperatures. However, des- 
pite their great promise in thermal insulation, it must be 


Table il—Longitudinal Mechanical Properties of Type Il 





Fig. 2—Flat materials. Fabricated pieces from felted asbestos- 


base laminates illustrating cold punching property using con- 
ventional punching methods. Materials shown: Continental- 
Diamond Fibre ‘Dilecto’ heat-resistant phenolic laminates. 


noted that these new types of asbestos phenolic laminates 
show no more than average electrical insulating proper- 
ties when compared to electrical grades of conventional 
high pressure laminates. However some preliminary tests 
on 0.045 in. thicknesses have shown short time dielectric 
strength of 160 vpm. Preliminary arc resistance tests 
(ASTM D495-56T) show resistance for 190 sec. 

Since these materials, capable of fabrication using 
conventional techniques and equipment (see Figs. 1 and 
2). possess high heat and flame resistance, high mechani- 
cal strength, chemical and water resistance, a smooth and 
non-abrasive surface. high impact strength, low porosity 
and exceptionally good dimensional stability, it is felt 
that they will make a significant contribution toward 
solving many of the design engineer’s structural-heat 
problems. The laminates are available in the form of 
sheets, molded tubes, and molded rods. O00 


Low-Pressure Laminated Asbestos Base 


Phenolic Resin Plastic (0.125 + 0.010 in. thick) at Elevated Temperatures® 














Compressive | Tensile 
Flexural strength, Flexural modulus of elasticity, strength, | strength, 
Property 10° psi 10° psi 10° psi 10° psi 
Test method 1031.1° 1031.1 1021 10114 
Temperature at test and exposure 500 F 700 F 500 F 700 F 500 F 500 F 
Time at exposure, hr 1g | 100 | 192 5 4 100 192 5 4 4 
Grade He or HH‘ 45 40 35 25 4.6 4.4 4.0 3.0 15 34 
*This table has been duplicated from Table III of tentative USAF specification No. MIL-P-25770. All values are minimum for the average of 5 specimens. Properties 
listed are for parallel laminated panels 
Meth 1031.1 is found in Fed ; Spec. L-P-406 and is similar to ASTM Standard D790.49T 
Methe 102] is found in Fed. Spe L-P-406 and is similar to ASTM Standard D695-.52T 
*Mett 1011 is found in Fed. Spec. L-P-406 and is similar to ASTM Standard D638-42T 
*Ashestos material is felted, weighs 2 lb per 100 sq ft, 3-5 per cent binder content by weight, 0.010 in. thick, is ASTM grade AAAA 
°Sa as grade H except that the form matted and thickness is 0.20 in. 
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esign Advances from 
Magnetism Research 


SOFT MAGNETIC ALLOYS particularly cube-oriented silicon- 


iron for power equipment 


PERMANENT MAGNETS including design techniques for current 


and soon-coming new materials 


THIN MAGNETIC FILMS and other promising candidates for 


_ computer memory devices 


FERRITES, GARNETS and the revolution in microwave tech- 


niques and magneto-optics 


. as disclosed at the AIEE Conference on Magnetism and Magnetic 


Vaterials. Selected papers are interpretively reviewed for commercial 


significance and design promise. 


An on-the-spot report of the 3rd _ national 
Conference on Magnetism and Magnetic 
Materials, sponsored by the American Insti- 
tute of Electrical Engineers in cooperation 
with the American Physical Society, the 
American Institute of Mining, Metallurgical 
and Petroleum Engineers, the Institute of 
Radio Engineers and the Office of Naval 
Research. Proceedings will be published in 
a special issue of the Journal of Applied 
Physics. Hard-bound copies can be obtained 
from the American Institute of Physics, 
335 East 45th St.. New York 17, for $5.00 


each ($3.75 to Conference registrants) . 





a i oR 


WILLIAM ARROTT, Associate Editor 


DESIGN OPPORTUNITIES for applying new magnetic mate- 
rials and utilizing magnetic phenomena in new ways will 
be an important outgrowth of the AIEE Conference on 
Magnetism and Magnetic Materials held last Nov. 18-21 
in Washington, D. C. Nearly 800 research scientists, 
metallurgical engineers and equipment designers gathered 
to hear over 128 papers authored by 185 individuals of 
47 organizations in seven countries—England, France, 
Israel, Japan, the Netherlands, U.S.A. and U.S.S.R. The 
commercial significance of the conference program can 
be summed up as one of considerable promise. Three 
particularly outstanding developments reported were: 
cube-oriented electrical steels, solid state amplification of 
microwaves at room temperatures and successful modu- 
lation of visible light with a-c signals. Although many of 
the papers were theoretical or academic in nature, a con- 
siderable number pointed to new design opportunities 
now and in the near future. These are reviewed on the 


following pages. 
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Soft Magnetic Alloys... ees eT 


J 4 
DoLLAR-Wisk one of the most important magnet materials io A 


ts 


developments in many vears is the advent of cube-textured 


silicon-iron alloys promising lower core losses. reduced ex fh , < f/ /f —> 


A Sl fk, —— Amv Maes s 
] e A s 
citation requirements and new design opportunities in motors < DZ E ) LY 
. ’ a 
generators, transtormers and = other power equipment In < = a ey 
other alloys: effects of composition and processing variables 1A 1B 
on performance of 50 nickel-iron cores for magneti ampli Fig. | \ Cube-on-edge texture typical of grain oriented 
fers: new data for transformer designers on the effects of silicon-iron alloys; B) Cube-texture recently achieved in 
bending on magnetic properties of grain-oriented silicon-iron silicon, aluminum- ind molybdenum-iron alloys. Arrows 
indicate easy directions of magnetization. 
Also: te hniques for localizing powel! loss and flux densit: wane ? , 
measurements to any | sq in. area of full-sized laminations 
one shot pulse generator tor 150 kv or 2600 amp pulses by . . 
‘6 : , . ii¢ parallel to the rolling lrectio!r ot the sheet In eacn the 
exploding small cores: magnetic suspension apparatus that 
; 1 grains are oriented to take advantage of the easiest directior 
operates horizontally as well as vertically TY ras 
acai ot magnetization ilong the cube edge. The major difference 
Cube-Textured Silicon-lron Alloys. A- announced te ae a +) a Matias ial 
: s th n grain-oriented alloys the easiest direction of mag 
in December Eveerrica, MaANuracturinc. both Westing ' ay , 1] 
a. : netism is along the sheet. whereas in cube-textured alloys 
house and (C,ener il | le tric have successtully developed ¢ ibe - 
easy directions exist both along the sheet and across the 
oriented materials in the laboratory neither has revealed ' 
sheet (and coincidentally normal to the sheet) 


its process, nor estimated the date of commercial availability 





tl Arana pea See oe For the GE Research Labs. J. L. Walter, W 
ee ee ee eee | RE Sinden, UL. Coeneble, Bier and 





their processes 


giving top priority to periecting ; : . . 
= : man presented the d-c static and 60-cvcle watt-loss test data 
Essentially. “cube-textured” means that the silicon-iror | 
: . of Fig. 2 and Table I representing the averages of several 
crystals have been oriented with the cube faces parallel to oe 
tests. Operational comparisons were made for identically 
¢} ae sds . Ca ! : 
he sheet edges and faces. Fig ] is opposed to grail ' } 
* . . constructed transtormers ne of cube-oriented steel. the 
orientation * or “cube-on-edge texture where the cube edges : 1 : : 
other of grain oriented—using 12-mil U-I laminations with 
x sides cut parallel to the rolling direction. and assembled wit 
e | I gs lter ately é gainst the ope € j 


Table I—Test Data for Cube-Textured 3 Si-Fe Alloys 
Source: General Electric Research Laboratory 
All tests on 0.012 in. thick samples 








A-C Data (test pieces:3 
D-C Data (test pieces: % in. wide x 3 in. long cm wide x 17.7 cm long 


Orienta- core loss, watts Ib 
tion Samples cut H B H B u B at 60 cycles 


16,€00 
16,000 


cube rolling direction 
across sheet 


12,200 116,000 15,000 0.56 
11,500 68,000 15,000 0.65 


Mh Pr 
2° 
oo 
On 


16,300 
11,000 


55.000 15,000 0.60 
2500 8000 15,000 1.60 


grain rolling direction 
across sheet 


rh PM 
2° 
nO 
“oC 
nm wo 
uo 
oO 
So 


ee 
os -_-~ 
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Fig. 2—D-« hysteresis curves for cube-textured vs grain- long test pieces. Source: General Electric Research Labora- 


oriented silicon-iron alloys measured on in. wide by 3 in tory 
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Table ll—Effects of Sheet Thickness on D-C Properties of Cube-Textured Alloys 


(Source: Westinghouse Electric Corporation, Armco Stee! Corporation) 








Per cent Induction, gauss at 
volume Coercive force Max permeability 
Sample cube oriented H, H=1 H=5 H=10 
* 0.8 mil 80 0.194 37,000 16,000 17,600 48,000 
* 2.0 mil >99 0.175 27,000 12,900 16,300 16,800 
** 4.0 mil SO 0.115 42,000 13,300 16,500 17,000 
**11.0 mil 75 0.073 37,000 12,700 15,700 16,600 
*Average of properties measured parallel and perpendicular to rolling direction. 
**Properties measured parallel to rolling direction (X-ray data predicts little difference between parall . I assures chicks * 





Average 


core cube-oriented 


Fig. 3 data for silicon-iron 
illoys measured along and transverse rolling direction, Losses 
for 2 to I1-mil comparable to losses of grain- 
oriented materials measured in easy direction; losses for 8-mil 
strip are considerably Perfection 
will yield lower losses. 
Armco Steel Corp) 


strip are 
lower. of texturing process 
Westinghouse Electric Corp, 


(Source: 


the U and stacked on the closed end for the next laver. This 
construction kept transverse flux path to 1/10 of total (to 
optimize condition for the grain-oriented core). Measure- 
ments were performed at inductions ranging from 10 to 20 
kilogauss; in all cases core losses and ampere-turns excita- 
tion for the cube-oriented core were considerably lower than 
for the grain oriented. At 17,000 gauss induction the cube- 
oriented core losses were approximately 60 per cent and the 
ampere-turns excitation roughly 50 per cent of those for the 
grain-oriented transformer. 

Speaking for Westinghouse were G. Wiener, P. A. Albert, 
R. H. Trapp with M. F. Littman of Armco Steel Corp. The 
Westinghouse process is a further development of work by 
Assmus and Detert of Siemens-Halske in Germany. Westing- 
house data included d-c, 60-cycle and 400-cycle measurements 
on a variety of sheet thicknesses, Table II and Fig. 3, in a 
standard 30-cm Epstein frame. Data was based on separate 
experiments of each author in different laboratories. The a-c 
losses at both 60 and 400 cycles are comparable to those of 
grain-oriented steels in the rolling direction for all but the 
0.8 mil sample which shows far lower losses. Wave form 
studies ot secondary voltages show no noticeable sine-wave 
distortion at inductions 15 kilogauss. An interesting 
property is the low coercive force: for thin gages a factor of 
five than 


below 


lower commercial 


grain oriented materials, for 
thick gages a value 30 per cent lower is possible. 

Both companies reported exceptionally high degrees of 
cube orientation, and have achieved cube textures in molyb- 
jenum-iron, aluminum-iron and similar alloys. 
neers of both companies are now exploring design possibili- 


ties for cube-textured 


Design engi- 


materials. Much present equipment 
that has been designed to take best advantage of the one easy 


magnetization direction in grain-oriented alloys (C-cores for 
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transformers, fabricated stators for generators, etc), may be 
redesigned to use cube-oriented materials. Motor designers 
(notoriously deaf to materials that have lower core losses if 
the cost is the least bit higher) are expeciing considerable 
copper savings through reduced excitation requirements 
Both General Electric and Westinghouse predict the price 
of cube-textured materials will be competitive with grain 
oriented steels. The tradenames will be Four-Square (GI 
ind Cubex (Westinghouse). 

Processing 50 Nickel-Iron Alloys for Magnetic 
Amplifiers. Core manufacturers have been compared to 
temperamental chefs with their various formulas and pro 


essing methods for “square loop” illovs. In an 


ittempt 
elate the effects of minor ingredients and process variables 
to core performance in magnetic amplifiers, some 480 dif 
erent experiments, reported by M. J. Savitski of Westing 


house, were made with 1440 identically sized toroidal 


cores 
of 2-mil tape rolled from 24 ingots east with varving add 
tions of manganese, silicon sulfur ind oxvgen. Cores were 
then tested in the Roberts constant-current flux-reset tester 


at 60 and 400 evcles. 


The test data was used to determine 
the annealing temperatures and methods for various composi- 
tions that would yield acceptable cores, Fig. 4. The criteria 
high 


saturation 


were high squareness ratio. low coer ive force. 
mum incremental permeability 
density. 


max 
ind high flux 

From a processing viewpoint the material should have a- 
wide as possible permissible annealing range (for 
control) at as low a temperature as possible (both 
In Fig. 4 it can 
that binary manganese-oxygen additions (ingots 42 and 50 
increase the permissible annealing range and the further 
iddition of silicon (ingot 43) shifts the permissible range 
to a lower temperature. Hot rolling at high temperatures 
was in general beneficial and annealing after hot 
detrimental to magnetic performance. 

Bending Silicon-lron Sheets. The elastic bending of 
grain-oriented silicon-iron strip in core construction causes 


ease of 
for cost 


and to avoid tape turns welding). be seen 


rolling 


both the coercive force and core loss to increase and the 
permeability to decrease as the degree of bending becomes 
more pronounced. R. W. Cole of Crucible Steel reported 
data on 14-mil Epstein strips of commercial material, Table 
III. All tests were performed well below the elastic limit 
(15,750 psi max stress for 8 in. curvature. Young’s modulus 
18 x 10° psi). Large curvature (small radius) measurements 
was made on single strips flexed between pole pieces of a 
single-strip permeameter: smaller curvature measurements 
on samples of 12 to 20 strips in an Epstein frame with two 
opposite sides bent and the two connecting sides straight. 
\{s maximum permeability the induction for 
maximum permeability also decreased from 12 kilogauss for 
a straight sample to 5 kilogauss for an 8-in. radius bend. 
Theory the rolling 
direction during bending turn the magnetism in a less easy 


decreased, 


suggests that compressive stresses in 
direction of magnetization, thereby lowering the magnetic 
properties. 

Core Loss Comparator. A developmental tool for 
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Table Ill—Effects of Elastic Bending on Grain- 
Oriented Silicon Iron 
Source: Crucible Steel Company of America 





Residual 
Ra- | Maximum induc- Total 
Speci- | dius perme- Coercive tion** loss+ 
men (in.) ability * force* ((kilogauss (w/Ib 
1 - 70000 0.108 14.1 0.71 
130 56000 0.121 12.6 0.76 
68 42000 0.136 10.5 0.86 
44 33000 0.141 9.3 0.90 
15 20000 0.150 6.5 
8 17000 0.160 5.0 
2 = 104000 0.066 13.9 0.55 
130 85000 0.077 13.0 0.63 
68 62000 0.096 11,1 0.71 
44 47000 0.108 9.6 0.76 
15 24000 0.123 5.8 
8 18000 0.127 5.1 
3 a 54000 0.092 12.0 0.63 
130 50000 0.098 11.1 0.64 
68 43000 0.107 10.5 0.68 
44 34000 0.109 8.4 0.74 
15 28000 0.113 6.6 
8 16000 0.137 4.5 
' 
cane 
2 4 i = : } 
+ a -_ 
Mn. @ 
Mr C2ZILL IZA 
43 | we (22ZZZZZZZZZI 
T + ee nt 
4 Mr e2zZA 
| —— 
" lag, ' 
a Nie MERE 
c Mv | C2ZZ2ZZ7772 
Sateen 
M | a 
2 aoe | 
seen r t emperatur 
€ZZZa r af w moer 
r J ot gh Yr nd nr od r 
(2ZZZD) rolled at low temp. and annealed after hot 
V Na ese 
Fig. 4—Permissible processing techniques for 50/50 nickel-iron 


magnetic-amplifier cores according to composition, as de- 
termined by constant-current flux-reset tests. Some additives 
vastly restrict the process limits. Ingots 42, 43, 50 allowed 
greatest variation in process methods. (Source: Westinghouse 
Electric Materials Engineering Dept.) 
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rapid measurements of magnetic flux density and core loss 
n single sheet steel specimens was introduced by R. E 
lompkins, L. H. Stauffer and A. Kaplan of General Electri: 
[he sheet specimen is inserted into an exciting unit that 
generates the required field. Then a special measuring head, 
Fig. 5, consisting of a pair of probes and a magnetic poten- 
tiometer (Chattock coil) is pressed against the specimen 
surface in the area of interest (which can be localized to 
1 sq. in.). Primary usefulness is investigating affects of 
local strains and geometrical factors for lamination design 
assuming a line joining 
the probes of Fig. 5 is at right angles to the flux in the 
specimen. and the flux is sinusoidal, the probe voltage will be 


Basis of operation is as follows: 


¢ l 8 DTB., w cos wt 


where D is the distance between probes. T the lamination 
thickness and B, the peak flux density. For non-sinusoidal 
flux the instantaneous voltage across a capacitor, connected 
in series with a resistance of several megohms across the 
probe terminals, is proportional to the instantaneous flux 
lensity whose wave form car then be displayed on a 
cope. Likewise the voltage induced in the Chattock coil is 
‘roportional to the time rate of change of the magneti 
held 3 ¥ ind a voltage proportio! il to H can be derived 
rom a similar int iting circuit. Thus signals representing 
B/ dt. H and dH [ re readily obtained 

tting i~namit Vsteresis loops or measuring power 


egrating BdH or HdB by applying 


for displaying 


pPpivine 


\ laboratory mod is bee t with measurements 
roducible within 2 per t. Readings with calibrated 
rs of negligible phase 

ible to Epste test data on the same 


Expendable Single-Shot Pulse Generator. When 


gh shock wave ses throug ne leg of a previously 
1agnetized closed ferromagnetic core. the core is demag- 
1etized, which generates a flux change in any winding on 


the core. R. W. Kulterman, F. W. 


Benedick of Sandia Corp. showe« 


Neilson and W. B. 
1 how an explosive-to-electric 
transducer could be used to produce a large power pulse of 
extremely short duration, as shown in Fig. 6A. The total 


| ) 
| | 
ri | Chattock 
| | coil 





/ 





Fig. 5—Composite probe head for measuring applied a-c field. 
induction and core loss in localized areas of full-size lamina- 


tions. (Source: General Electric Research Laboratory) 
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! 
meses = 7_ a 
Fig. 6—One-shot power pulse generator that utilizes shock and generate output pulse up to 150 kv or 2600 amp. (Source 
from explosixe pellet to destroy remanence of magnetic core Sandia Corp 
flux in the remanent core ix 7 B WS where i is the time characteristi will he i square pulse with a period 7 
width and S the length of the core cross section. As shock equal to S'}. Area under the curve. Fig. 6B. will be 
wave trom an exploded pellet tr ivels through the core the 
voltage generated in the output winding will be { ». di VBWS 
a(BWS ds ' 1 
‘ \ VBM = VBWI The volt-time characteristic for ideal square-loop cores 
~ thus determined by wave geometry and velocity. core and 
where V’ is the shockwave velocity. The theoretical voltage oil geometry and the remanent magnetization. The actual 


pulse form delivered to a load is additionally modified by 
he “squareness of the core material, the internal resistance 
of the winding and the load impedance 


Four Silectror cores were cor structed ind wound witli 





four turns of copper strip feeding into a 1930-ohm resistor 
Neglecting winding inductance predicted output was 
960) volts ind 7 1.06 user observed v il ies were 
1200 volts and 1 usec with wave form of Fig. 6B 
Two othe | ilse enerators were built ] \ 600-turt 
ilo ] Xx n. cross section toriod of 4-mil Silectro 
lape f Il dimensions x4x5h Outp t ross al 
84.000 ohm resistor was a ramp voltage reaching 150 k ! 
j > ser 2 \ single turn of brass surrounding a |] x 
] . ‘ 
; 4 ! eross sectio toriod Onuty into i OOD t on 
i cecotsipsiecicnecaniimeaiatgc aetna tia 4 ad ive 1 Was ra se re 26000 amy 


5 RP Bed oe 4 ox 
pea os gan’ hie 


“tee 


sia 
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Fig. 7—-Magnetic suspension apparatus for use a= low-friction A) schematic }) supporting a l-in. steel ball (C) long period 





bearing or force-balance instrument with axis in any position pendulum. (Source: Bill Jack Scientific Instrument Co 


Table 1V—Core Materials for Magnetic Suspension 


Source: Bill Jack Scientific Instrument Co 





Axis of support vertical Axis of support horizontal 
Limit of torque Rate of change of Limit of torque Rate of change of 
Material as w—0 torque with as w—0 torque with 
rods: VY in. diam dyne-cm dyne-cm dyne-cm dyne-cm 
1% in. long rad/sec rad sec 


x 10 
x 10-¢ 
x 10-6 


x 10°3 
x 10°? 
x 107) 


Mu-Metal 
65 Permalloy 
Armco Iron 


wow 
xx x 
—_— 
ooo 
o— © 
NON 
wo 
xx x 
—_— 
ooo 

! oe 
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in 0.6 
built materials. 

Magnetic Suspension Apparatus. A number of 
free-suspension devices have been developed where the sup 
ported object balanced by 
devices are limited to vertical or near-vertical operation. A 
double-soler od 


psec 


Similar explosive-activated devices have been 


using ferroelectric 


‘ } 1 
weight Is magnetic torce: these 


suspension system 


that can operate in any 





position, Fig. 7, was described by J. B. Breazeale, C. G 
Mellwr iith and | N Dacus ot Bill Jack Scientine Instru- 
ment Co. The device is essentially an electromagnetic servo- 
mechanism with the outputs of a position detector used to 


solenoid currents so the supported object remains 


cmes (2 


solenoid 


control the 


between the 


midway 


solenoids, System can be us 





low friction bearing for rotation about the 


axis: 


) { 


(2) a force balance for measuring forces acting on an object 
without 


touching 1 ining 


Also, 


moved, the object is almost ideally electrically 


in electrical signal in the servo 


the oprect is re- 


loop instead when air surrounding 

and thermally 

insulated 
Limitations for 


eddy 


low rotation-friction drag. 


irrent and hysteresis losses. With low enough pressure 


\ 
bearing are alr 





(10 mm) air drag is negligible. The other losses arise 
because supporting field and supported object are not per 
fectly symmetric radially and the field axis and axis of 
rotatior ot support obrect may not coimmncide especially 


Permanent Magnets... 


IN THE PARTICULAR 
Alnicos. the 


botn 


CHARACTERISTICS of the various 


l conven 


tional now available ceramic (barium ferrite 


materials oriented and non-oriented. and the soon-to 


be available fine-particle iron and iron-cobalt compacts. the 


designer has considerable design flexibility. The design prob- 
lem is rapidly changing from one of tailoring the application 
for the material to one of fitting the material to the applica- 


tion. The physical and magnetic 


properties of fine-particle 


nagnets. electrical analog methods for designing permanent 


magnets and ultra-high temperature properties of the Alnicos 





were among the subjects of general interest. For specih 


applications: a unique method for magnetizing bowl-shaped 


magnetron magnets. and an appraisal of materials for focus- 


ing electron beams 
Applying ESD-Particle Magnets. [hiree basic criteria 


for permanent magnet materials are: (1) economical ability 


to produce flux. (2) to maintain flux constant under varving 
conditions. and at the same time (3) be easily fabricated to 





Lever, E. J. 


Instrument Dept. presented 


ino and R B 


experimental ey 


dimensions. R. ¢ 
Falk of GI 


dence 


precise 


that permanent magnets meeting these criteria can 





be economically compacted from ultrafine elongated-sing] 


domain particles of 


iron or iron-cobalt in metal or organic 


matrices. Particles are prepared by electrodeposition. aligned 
field 
conventional powder metallur 

Magnetic 


magnetization curves 


density. Fig 


by a magnetic and matrix material by 


on compacted in 
gv tec hniq ics 
properties include i 


continuous series of ae 
packing 


6. sO Maximum energy point can be matched to 


obtainable bv varving the 


the load line: a high energy product. Fig. 9A. and a hig} 
energy-to-weight ratio. Fig. 9B: uniform magnetic structure 


(circumferential variations in 
for Alnico \ 


for ESD magnets) for 


flux up to 15 per cent are 


ty pir al pole pieces: on the order of 3 per cent 


magnetically suspended bearings or 
instrument applications; smaller temperature coefhicient than 
Alnico V. Fig. 9C minimizing the need for temperature com- 
pensation: stability Fig. 9D 

Physical advantages 
machineability and solderability. Fig. 10. Cast 


0.035 in.. 


toler- 
Alnic Os 


can be 


include precise dimensional 


ances, 
tolerances of which 


have dimensional 
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when axis is horizontal. These losses can be determined 
i | ly 
easuring the deceleration of a spindle rotating free 
| ] ] . ] 9 ora + 
icuum The slope of the deceleration-angula velocity 
curve is a measure of eddy current loss; when this slope is 
extrapolate { to zero angular velocity the intercept S 
| + ! 
measure ol hysteresis loss | ble [\ gives [yf i values 
Eddy current loss varies as the inverse square of the su 
porting field; hysteresis loss exponentially with the field 
For force-measuring application, non-linearity and hystere 
sis of the applied force us magnet irrent curve are | ad 
tion. Linearity is maintalr ed bv kee ping the s ipported neid 
constant over the supported object and arranging the servo- 
eircuitry <o that the sul t the two magnet currents Is 
onstant—thus the force plied becomes a function of the 
magnet-current difference. All gnetic materials except 
the or t the suppor ed operated well 


1 object should be 


elow saturation. Hysteresis can be kept to 0.1 per cent of 
ill scale force for st force measurements by using air- 
ored solenoids. Wit! e ferromagnetic cores required to 
ld against large forces steresis can not be eliminated. 
As a rule of thumb. the apparatus will maintain support 
nde applied forces ¢ five times the supported object 
weight. Displacement f1: magnet axis is linear with 
pplied force: for i linders the displacement 
n be held to 10 i 
lowered to 0.003 in. by g i Other processing methods 
ncrease precision at expense of magnetic properties. Powder 
netallurgy techniques give ESD ignets as-pressed toler- 
inces of 0.001 in. perpendicular and 0.003 parallel to 
pressing direction. ESD magnets with organic and metal 
atrices have machineability similar to cast iron and are 
eadily soldered—particularly the metal matrixed—with mild 


flux. 


No nickel is required in ESD magnets and the iron-cobalt 








Fig. 8 


by varying 


Typical “tailor-made” demagnetization curves possible 
packing 
fine particle 


Electric 


fraction and composition of elongated 


iron-cobalt 
Instrument Dept.) 


single-domain iron and magnets. 





(Source: General 


Magnetism Research . . . 


} 
} 
| 
| 


(__] Chrome steel! 





oersteds 


os" 








9D 
Fig. 9 4) Maximum energy product values tor permanent 
magnet materials; (B) maximum energies per unit weight; 
(C) temperature coefficient of ESD magnets vs Alnico V, (D 
magnetic stability of ESD and Alnico magnets aged at 100 ¢ 


(Source: General Electric Instrument Dept.) 
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magnets have only halt the cobalt of Alnico V, thus giving 


twice the energy per pound of cobalt. Nine per cent of the 
world’s production of cobalt goes into permanent magnets 
of 12.000 tons produced annually, the UL. S. imports 9006 
4 which 1000 is used for permanent magnets; UL. S. domes 
ti production is 600 tons. At present oriented barium ferrite 
is the only commercially available non-cobalt magnet with 
high energy product. Non-cobalt magnets are also important 


for applications exposed to radiation. Alnico is susceptible to 
radioactivity, forming Co-60 with a half-life of 5.2 vears and 
radiation level suthiciently high to prohibit handling. In 
ESD-iron magnets the isotope Fe-55 formed upon exposure 
has half-life of 2.96 vear- and a level of radiation of 4006 


times less than Co-60. 

Freeman Crystals. Another approach to. fine-particl 
permanent magnets uses Freeman crystals—dendritic alph 
iron particles that exhibit cotrinsic coercive forces of ove: 
1700 oersteds measured without particle alignment. J. H. | 
Watson. Edsel B. Ford Institute for Medical Research. Ar 
thony Arrott. Ford Motor Scientific Lab. and M. W. Free 
man, M. W. Freeman Co., 
ticle alignment and predicted far greater 
will be obtained 

Analog Methods for Magnet Design. 


magnet 


reported some progress in par 


coercive torces 


The wide 


inge ot 


g properties and physical arrangements 
iwailable increases the need for a firm engineering approacl 


according to R. J. Parker, GE Metallurg 
Magnet 


design 


inherently trial and erro 


Fig. 10—Typical ESD magnets demonstrating precise dimen- 
sional tolerances, machineability and solderability, (Source: 


General Electric Instrument Dept.) 
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TIC 


Fig. 11 \) Basie electrical analog of permanent magnet: 
B) analog approximation to actual demagnetization curve. (¢ 

inalog of magnet zoned with magnetic potential divided 
into four increments and leakage permeance of each zone 


lumped as a resistor Source: General Electric Metallurgica 
Products Dept 


supplies and meter relays simplif 
| 


eance is proportional to electrosta 


foil models of magnet configurations ar 


ful in permeance studies 


Alnico at Elevated Temperatures. | hv 


ince of materials and components at or above 500 C is of 
growing interest. Of known permanent magnet materials 


Alnico V and VI are the most promising according to W. H 


Roberts of GE Instrument Dept. Magnetic properties and 


stability at 500 C are entirely satisfactory. but raising the 
perating temperature to 600 C results in considerable. if 
not catastrophic loss of properties. These designs of each 
material were studied ig. 12: design I to operate 1 


B,, design II for BH and design III near H, 


Cyelu ibility studies. Fig. 12A, showed that 


é 


i change of less 


} 
evele 


inimized by: (1) 
(2) increasing 
d. Five temperature cycles were found necessary 
were aged at 500 C and tested at 25 C al r 
found to increase during first 12B 
ge thereafter. Remanence increase 


a Fig. 12—High temperature properties of Alnico V and VI 
Magnets aged at 600 C and tested 


4) loss in remanence vs stabilizing a-c field and (B) effects 
of aging at 500 C for various configurations. (Source: General 
Electric Instrument Dept 


ves after 
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Fig. 13—Skull-cap method for magnetizing bowl-shaped magnet- 
of assembled magnetrons: A) production fixture 


impulse 
magnetizing current travels from heavy 


copper bus around 
top skull cap, through connecting bolt to bottom cap, around 


bottom cap to bus bar—thus making two turns, (B)  dis- 
assembled experimental fixture showing one of two tapered 
pole pieces inserted to contact Alnico bowls, (C) 
curves effect ot 


show n’. 


magnetizing 
pieces and 
Laboratories 


showing adding pole C-clamp 
keepers not Source: Bomac 


Magnets aged and tested at 500 C. Fig. 12B. sho 


lower remanence tor the = short 


magnet (indicating 


H,. at 500 C) while remanence of C magnets increased 


Alnico VI changed less than Alnico 
iging at SOO ¢ was beneficial. Most ch ge 


pensated by 


In general 


s can he 
desigi 


Examp!] for a 500 ¢ 


Alnico VI retor. remaner 


eveling. 9 per cent from 


renerator 


ce loss will he 2 per cent tron 


coefhcient (0.0210 per 
per dee C over d range). calling for 


1] per cent over-design at 


Magnetizing Bowl-Shaped Magnetrons,. (ptimun 


ignetic circuits can create a production problem in mag 


ing the completed magnet The 


development of paired 
l-shaped magnets for microwave magnetrons and back 
wave oscillators required radical changes in ma 

ire design. F. X. MacDonough of Boma: 
skull caps 


gnetiz 
Labs advo 
opper surrounding the magnetrot 
irn coil for impulse magnetizati 


ISA shows the open fixture with magnetron in place 


skull caps. 
pieces (Fig. 13B to contact the Alnico 


surrounding the 


nponents ‘ t 


onsist of two slit tapered pole 
bowl magnets 
tube probes. and large iron C-clamps (not 


~how! is keepers to complete the magnetic circuit 


Figure 
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C show the magnetization curve (measured by flux coil 


After productior 
fixture. they had to be 


demagnetized more than 20 per cent tor proper operation 


Two-Layer Coaxial Magnets. [raveling-wave tul 


bes 
ind other electron beam devices generally 


in dummy tube) for each refinement 


magnetrons were magnetized in the 


require an axial 
Tubular permanent m 


lag 


magnet 


field to focus the beam 
nets with the electron beam device located coaxially therein 
~ a method that is being increasingly used. However. such 
iagnets have a length equal to that of the air gap and the 
the axis almost the same as in the magnet 
desired operating point olten falls below 


iximum energy point on the 


ijwavs be ubst higher than 


demagnetization curve ‘ 


oercive force must 


required field 
Alnico \V 


intensity 

and Alnico VI ean fields up te 600 
t according to M. S. Glass of Bell Labs. fields 
1500 oersteds may be required. Here higher 


Alnico VIL. barium ferrite 


compacts ire 


support 


force materials such as 


is-vet-unavailable  fine-particle required 


These materials may not have s 


ifcient remanence to support 
he required field unless formed as a very thick tube. 
requiring 850 oersteds along 5 


65 lb of Alnico VII was the estimated size 


{ 


fabricate. Instead a coaxial magnet is contemplated 
outer shell ot 


In one case. aov4g In. gap 


i near impossible 


Alnico \ to support the 
ige flux and an inner 


external 
Alnico VII to supply 
weight 16 Ib 
magnet. For 


Alnico \ 


sleeves 


sleeve ot 
the axial field 
processible 6-lb 


estimated total 
Alnico VII 


1000 oersteds. 


including a 
fields 


used with 


straight 


shells can be 


ibove 


oriented barium ferrite 





Thin Films, Memory Elements . . . 


\ GREAT DEAL OF APPLIED RESEARCH is going into the de 


velopment of faster-acting. larger-« ipacity, smaller-size and 

cheaper memory svstems tor digital computers and data 
processing systems——-currently characterized by complicated 
Of ferrite or tape-wound bobbin cores. Promising ap 

include thin soft magnetic films: opti il readout b “ > found 

writing on permanent n films: twisted -" ing into 


apertured ferrite plates (with special cir noticed for transverse fields 


lize effect of material non-uniformity ). Magnetic Writing, Optical Readout. !)ii: 


nethods for non-destructive t ta i ; 
Thin Films. Following p ion of th e “Mag possibilities as exceptiona 


Ferrites” by Snyder th and Alhere-Schoen 


the perma lagnet compound inganese-D! 


pre pared by 


1Y49 Iss . IRICAI VEANt FACTURING we! f manganese anc 


MIT Lin ib urges veneral Cerar 


The ‘‘Twistor.” 


Table V—Ferrite Cores vs Thin Magnetic Films in 


Computer Memories 
Source: Lincoln Laboratory, MIT 


Property Ferrite Cores Thin Magnetic Films 


Bistable Yes Yes 
i a : Se Speed of coincident 1 usec 3-10 musec 
oe is below &@ Critical Vein current switch 
Non-Destructive Readout of Tape Cores. !ra: Drive power £00 ma into 50 400 ma into 5 ohms 
| ised to aid switchin ohms (tube transistor drive 


] 
verse pulses are ilo be 


velopmental tape core memory with non-destructive readout drive 


i 
T. D. Rossing and V. J. Kerkowski of Remi Repetition rate before 50 kc At least 5 mc: prob- 
7 Bical adverse heating ably much higher 
current could be passed thro Physical size V4, in. diam. M46 in, diam. 
reversible rotation of n 5 ee Temperature range of Up to 50C Should be higher 
operation 

f} t (related t ay - Reliability 100 per cent Should be compar- 

ge COE ern (re ed to coercivity and & = 
" able 
Number in a system 2% million ~* Unknown 
t t ns=vers¢ bias Muises nh same } . . - . 

ee — P= WED seme 1 Economy of fabrica- Expensive (~5 Potentially cheap 
ng pulse. dropping off at) switchin ul tion 3 cents bit 


r , ae | 
ores o 179 molvbdenun 


design required a compromise 


(which would limit magnetization rotation 
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Fig. 14—Magnetic writing with fine probe of magnetized wire 
on thin films of manganese bismuth. With film unmagnetized 
(A) one end of probe writes light and the other end dark 
with analyzer set at +5 deg angle to polarizer, (B) just the 
opposite with —5 deg analyzer setting. With film magnetized 
perpendicular to surface (C) only one end of probe writes 
but contrast is improved. (Source: Bell Telephone Labora- 
tories) 


compression stress component describes a 45 deg helix in 
the right hand screw sense and the tension stress a similar 
left-hand helix. The preferred direction of magnetization 
follows the direction of maximum compression, creating a 
helical preferred remanent flux path. This phenomenon can 
be utilized for information storage in three different ways 
by a group ot device es collectively called “twistors.”” 

In method I, Fig. 15A, the wire is twisted. Coincident 
current pulses along the wire and through an external sole- 
noid will interact to switch the flux state of the wire to a 
helical pattern. Sensing is by overdriving the magnetic wire 
current /, in the reverse direction to give a voltage pulse 
across the nickel wire ends. The solenoid may be replaced 
by straight copper wires at right angles to the nickel wire 
in an interleaved window-screen construction capable of 


96 


storing 10 bits per inch of nickel wire without adverse in 
action. 


Method II uses the twisted nickel wire as a direct replace 


ment for the conventional toroid. Two coincident-current 


conductors are used; one normal and one parallel to the 
wire. Readout is by sensing wire voltage 

Method IIL uses an untwisted wire. By proper applicatior 
of external current pulses information can be stored in 
right hand screw sense for a “1,” and a left hand sense for 
“0.” Sign of output voltage indicates the state. 

An experimental memory has 
been built using method I, Fig. 15B. To provide for adjust 


320-bit transistor-driven 


ing tension and torsion of the nickel wire, the external con 
ductors were wound as solenoids on glass tubes. For 3-mil 
nickel wire the write currents were 2.3 amp-turns on the 
solenoid and 130 ma through the magnetic wire. Read cut 
rent was 6.0 amp-turns, output signal 3.5 mv. Read-write 
cycle time of 10 psec appeared possible. 

Methods for “freezing” a helical magnetization path into 
the wire without torsion are being investigated. 

Apertured Ferrite Plates. At the 1956 Conferenc: 
both Bell Labs and RCA showed experimental models of 
apertured ferrite plate memory elements, Fig. 16A, where 
the material surrounding the holes functioned as a toroid 
ind printed circuitry served as some of the windings. 

One of the disadvantages of this construction is the non 
uniformity found from hole to hole in experimental plates 
M. M. Kaufman and V. L. Newhouse* of RCA Bizmac en 
gineering showed that storage of information using two holes 
per bit, and allowing both holes to switch, increased the 
operating range of a ferrite plate memory to permit driving 
it with a transistor-driven ferrite plate switch. 

Basic operation is shown in Fig. 16B, C. In the cleared 
state (after a “read” current has passed through the address 
line) the remanent flux around both holes will be in the 
same direction. A “write” pulse in conjunction with address 
current of opposite polarity to the “read” current will cause 
one of the two holes to switch, depending on polarity of 
write pulse. When “read” pulse passes through address line 
clearing action induces a pulse in “write sense” winding of 
polarity determined by stored signal. 

The justification for two-hole per bit operation is shown 
in Fig. 16D. E. In single-hole-per-bit operation, if either the 
write or address currents exceed the plate switching cur- 
rent a 
in ferrite plates can cause considerable variation in the 


hole-to hole c 


*Prese t General Electric Resea Laborator 


unwanted cores can be switched. The non-uniformity 


threshold. Chances of overdriving a “weak” 
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15C 


Fig. 15—The “twistor’, a new memory device utilizing the 
magnetic effects of twisting nickel wire: (A) basic “bit” 
using coincident currents I]; and TI» for writing-in a helical 
flux which can be read by overdriving /2 in reverse direction; 


I 
Hd 


B) experimental 15 x 22 memory using solenoid conductors, 


Cc) experimental 10 x 10 “window screen” memory of inter- 
Bell Telephone 


woven magnetic and copper wires. (Source: 
Laboratories) 
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Fig. 16—Ferrite memory plate (A) with 256-bit capacity and 


less than 1 in. sq. area requires using two holes per bit. as 
shown for “two bit” memory in (B), to minimize effects of non- 
uniform material. Storage method (C) is achieved by “bucking”. 
Switching range of two-hole-per-bit operation. in terms of the 
ideal plate switching characteristic ]_ (D) which is different for 
each hole, allows considerable variation in individual hole 
properties (E) over one-hole-per-bit operation—even though 
both holes of one bit may switch. (Source: RCA Bizmac 
Engineering) 


hole during address are considerable. But with two-holes pe: 
bit. the limitations on switching are: (numbers refer to lines 
in Fig. 16E) (1) flux penetration must not exceed midpoint 
between holes, (2) excitation of favored hole must be suf- 
ficient to generate a detectable pulse during readout. (3) 
write current and return address current must not start flux 


switching. (4) where address current is large enough to 
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switch both holes. write current must be large enough to 


provide adequate flux differential between holes for readout 


line (2) 


represents lower limitation on both two-hole and 


one-hole per bit operation. Thus one-hole-per-bit memories 


require much closer tolerances on material uniformity than 


Ferrites, Garnets.. . 


IN THE PAST FEW YEARS. THE FERRITES (magnetic oxides 


have been revolutionizing microwaves techniques as their 


pec uliar properties of magnetic resonance and Faraday rota 
tion of electromagnetic waves have been utilized in a host of 
new microwave recently a new class of 


related to, but 


devit es I ven more 


materials has appeared. magnetic garnets 
with properties superior to ferrites—that promise even more 
exciting developments: practical solid-state microwave an 
plifiers and magnetic light modulators. to name a few. Of 


to designers. however. are 


available 


more immediate concer! proper 


1 losses of commercially ferrites: summaries 


ties an 


{ 


of several investigations he presented 


Ferromagnetic Resonance, Faraday Rotation. 


When a linearly polarized electromagnetic wave is propagated 


through an unmagnetized piece of ferrite, the wave splits 


into clockwise-rotating (positive) and counter-clockwise 


retating (negative circularly polarized components. But 


ie ferrite is magnetized in the dire: 1 of propa 


the two ¢ omponents encounter! diffe perme abilities 


the material—both real (y’ which affects propagation 


velocity and imaginary (yu which causes attenuation 


{ pon leaving the ferrite the two components re 


ombine 


linearly polarized wave whose angle of polarizatior 


oe nerally rotated fron that with hi i entered 


imount of I irada\ rotatior depends n the 


seometryv. tTrequency. 


applied field. et 


The negative polarized component 


the applied field 


t 


and a 


2000 


17A 
big. | Magnetic resonance: as magnetic field is increased 


in direction of wave propagation through ferrite, the clockwise 


positive! cireularly polarized component of the propagating 


wave encounters (A) a “real” permeability that swings from 
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two-pole-per-bit memories which operate satisfactorily even 
with two “weak” holes for the same bit (two-hole switching 


16E). An 


word) memory has been successfully operated using every 


area, Fig. experimental 256-word (7 digits per 


ye 


hole of 14 non-uniform 256-hole plates 


Synthetic “crown by 


Garnets. crystals are 
firing iron oxides with oxides of yttrium, erbium 
Discovery ot 


made the Institute 


garnet 


samarium 


or gadolinum their magnetic properties was 


ind inde 


A. Gilleo of Bell Labs 


most thoroughly 


Fourier in Grenoble. France 
pendently Geller and M 
Yttrium-iron garnets (YIG 


investigated. Iwo of the 


by S 
have been the 
most significant characteristics of 
width 


garnets are (1) the narrowest known resonant line 


0.8 oersteds at 10.000 me in a disk. and (2) 
magnetic resonance at the lowest frequeney tor an naterial 
E. G. Spencer. R. C. LeCraw and C. 5S 


Ordnance Fuze 


observable 


Porter of Diamond 
Laboratories reported a resonant line width 
see Fig. 17B) of 2.3 oersteds for polished spheres of YIG 
it 9300 mes. Other measurements showed line wit 5.7 


S000 mes. at 2000 and 


iths of o 


oer at 10 oer 


spheres. For thin disks 


resonant line 


144 mes. With d- 


line width 


These f 


to the plane. 


800 mes and 300 oer at 


00-oeF ipp 


iu 


utilized 


resonance phe nomena can be 


at low fields. Continuing studies 


effects of g properties 


characteristics 


Ferromagnetic Microwave Amplifiers. |’: 


thods t ampl iving | 


low le vel microwave 
One of the most 


rowave 


17B 


negative to positive maxima and (B) an “imaginary” perme- 
ability that goes through a sharp absorption peak at resonance. 


Initial permeability up ii 





he nolse-tree 
installations 

Microwave ine! ind oscillators « 
t 


ate at roon nperatures using ferrite 
is med i H } I Bell Labs has 
and Vi im or 


odulating 


inizat 


pump 


idling frequen 


the ferrite 


implification of 


19B 


Fig. 19-The Mavar, experimental Suhl-type microwave 


implifier using 9000 me pump power to amplify 4500 me 


-jignal- source >| lephone Laboratories 


Fig. 18—Analogy between ferromagnetic microwave amplifier 

and vacuum-tube amplifier with positive feedback. Symbol 

is conversion gain for generating idling frequency and § the ig. 20—Proposed method for amplifying microwave signals 
conversion gain for regenerating signal frequency. (Source at frequencies up to twice the pump power frequency. (Source 
Harvard University Harvard University 





Magnetism Research .. . 
Magneto-Optics. In early 1957 J. F. Dillon, Jr. of 


Bell Labs reported the first visual observation by transmitted 
light of magnetic domains in a ferromagnetic medium using 
At the time he 
suggested the possibility of using the Faraday effect to 
modulate beams of light at radio and microwave frequencies 
Subsequent studies by Dillon have shown all the ferromag 


slabs of single-crystal yttrium iron garnets. 


netic garnets studied to date (yttrium. erbium, samarium and 
gadolinium iron garnets) to be transparent to visible light 
down to wavelengths around 5200 A (bluish green). Mag- 
nesium ferrite crystals have also been found to be trans- 
parent in the red. From a scientific point of view such 
transparencies offer new ways to study magnetic domain 
structure, the spectroscopy ot electron energy levels in the 
For the 
creative engineer the magneto-optic applications are many 

\bsorption* of light transmitted through YIG at observed 
light frequencies for specimen thicknesses down to 0.0025 cm 


garnets and certain aspects of magnetic resonance. 


is plotted in Fig. 21, along with rotatory power. No trans 
mission at light energies above 19,000 em-! (5250 A) was 
obse rved. 
[he absorption behavior of transparent garnets shows 

ircular dichroism, or two-color effect. With a thin specimen 
magnetized normal to the plane, absorption is different for 
clockwise and counterclockwise circularly polarized light 
Some 10 to 20 per cent differences in intensities of oppositely 
polarized transmitted light beams are typical at room tem 
perature. 


louble 


plane, plane polarized light is elliptically 


Another phenomenon is magnetic birefringence, or 
refraction. With the specimen magnetized in_ its 


polarized on 
smergence from the crystal to an extent determined by rela 


orientation of magnetization, polarizer-analyzer settings 


specimen thickness The rotations and absorptions ot 


us magnetic domains in the specimen will differ 


their orientations. By manipulating the polar- 


settings, adjoining domains will take on vari 


1 } } | 
shades; overall color can be varied fron 


with 


deep re‘ 


scribed Spencer and 


LeCr iW 
The simplest consisted of an unmagnetized “window” 

YIG with polarized and analyzer planer set at right angles. 
Transmitted polarized light is rotated an amount @s in 
passing through each domain where 6 is proportional to the 
ght path s. The light 

extinguished with increasing magnetization of the garnet in 


magnetization component along the | 


its plane (perpendicular to light path) by a ferrite electro- 
magnet. The modulation d//d@ for small Faraday rotations 
is /.@s assuming lossless crystals and ideal polarizers 
(J and J, are light intensities leaving and entering crystal. 
Average light intensity is low, modulation frequency is 
double that of driving current, and magnetizing field inside 
window easy to maintain. 


Greater modulation is achieved with the arrangement 


shown in Fig. 22 with polarizer-analyzer planes set at the 
usual 45 deg. Ferrite pot cores pass an axial alternating 
field normal to the garnet. Light is transmitted through holes 
Average light intensity is 7,/4 and r. julation 


ratio is 1.@s/2 1/2. Design compromise is necessary to 


n the pole Ss. 


have as small a crystal size as possible to permit a high 
field, yet at the same time keep the crystal large enough to 
ivoid overheating by the light beam which must be focused 
to erystal cross section. Os« illoscope pattern of driving cur- 
rent vs light transmission (photocell current) over 0-60 k« 
range at low power showed no phase shift or change of input 


to output ratio. Using high field currents at low frequency, 


per cent of transmitted tungsten light was modulated 


4 ] } 


a 4-mil thick window. 


\ third type of modulator. yet to be built, will consist of 


microwave cavity it transparent garnets will be 


‘ : 
driven by relatively hig 


Fig. 21—Absorption of yttirum iron garnets in transmitting 
visible light, and rotation of transmitted light passing through 
garnet slab 


source: 


Bell Telephone Laboratories) 


» 


Fig. 22—Experimental setup for modulating 20 per cent 
of light transmitted through YIG slab with signals from 0 to 
60 ke. (Source: Diamond Ordnance Fuze Laboratories) 


Evaluating Commercial Ferrites. The promise of 
garnets not withstanding, of perhaps more immediate interest 
from an engineering viewpoint were two reports of testing 
programs on commercially available ferrites. 

Two methods for measuring ferrite losses at high induc- 
tions were presented by Isidore Bady of the U .S. Army 
Signal Engineering Labs: (1) using a conventional series 


Fig. 23A; 


resonant circuits for frequencies up to 50 mes; 
(2) using a short circuited coaxial slotted line for fre- 
quencies 50 to 100 megacycles. Fig. 23B Test results are 


shown in Table VI. 


Continued on page 274 
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Light 
Energizes Contro 


in Self-Setting 
amera 


Close coordination of electrical and me- 
chanical dynamics resulted in a fully auto- 
mati exposure ¢ mtrol suitably compact 
for the 8-mm movie camera. now popula: 
with amateurs. The mechanism depends 
solely on light energy for operation, uses 
no relays or amplifiers, is free from objec- 
tionable hunting and may be de-activated 


for manual control. 


JOHN P. BAGBY and MERVIN W. LaRUE, JR. 
Engineering Department 

Bert & Howett Company 

Chicago, Illinois 


IN MOVIE MAKING the camera subject is usually in 
motion. With conventional cameras for amateur use this 
often results in over- and under-exposed portions of 
film as the subject moves through areas of differing 
ambient light intensity. Variation in light intensity also 
results when the operator “pans” the camera to cover a 
scene too wide for the ordinary wide-angle lens, in 
which case the scene brightness may vary. On other 
occasions the sun may be clouded over momentarily 
during camera operation, creating under-exposure and 
spoiled film. 

Under any of these conditions the operator may, 
either interrupt filming in order to adjust the lens aper- 
ture as required, or edit the poor footage out of the 
finished film. Either of these expedients results in a lack 
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The new Bell & Howell fully automatic 6-mm 
camera. Light rays striking a photoelectric 
cell through the bottom, 
generate a current that continuously adjusts 
light intensity 


honeycomb lens, 


of continuity in the finished film and even the total loss 
of certain desired sequences. Where speed of filming is 
important, as in bird studies and various human-interest 
shots of a highly transitory nature, there is often no 
time to make even initial settings much less to change 
the iris during the course of filming. Automatic exposure 
control is consequently highly desirable, but it must be 
available at commercially attractive prices. 

Recently, the Bell & Howell Company introduced the 
first fully automatic 16-mm camera, in which lens iris 
aperture was continuously altered in response to chang- 
ing ambient light conditions. An increasing number of 
camera users are adopting the 8-mm film standard be- 
cause of its smaller size and storage requirements, and 
its tremendous saving in film costs. Consequently it 
appeared highly desirable to develop a fully automatic 
S-mm camera to suit the needs of the amateur camera 
user who had found that advances in film quality and 
lens design permitted the use of the smaller frame size 
while still obtaining projection quality entirely accept- 
able for livingroom screens. The automatic exposure 
systems used on the 16-mm cameras would be too bulky 
for 8-mm cameras. so that it became necessary to ex- 
plore basically new exposure control systems. The sys- 
tem offering the best all-round characteristics was incor- 
porated in the new 8-mm camera shown in the lead 
illustration. 


The various parameters affecting the selection of the 
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proper iris setting in a moving picture camera are: 
subject brightness, speed of the film as it will be devel- 
Subject 


oped, and camera frame speed. brightness. 


which is commonly measured in “candles per square 


foot” in photographic applications. varies for dark and 
light colored subjects and thus it is best to limit the 
acceptance angle of the light sensing transducer to about 
the same field of view as the camera lens. Film emul- 
sion speed is usually expressed in ASA numbers. in whi h 
the higher number indicates “faster” film—that is. film 
which will be properly exposed at lower light levels 
than films with lower ASA numbers. The frame speed 
of a camera can vary. some cameras operating as slowly 
as 8 frames per sec and as rapidly as 64 frames per se 
Since the shutter is open during some fixed proportion of 
its movement. the shutter speed is a straight function of 
camera frame speed so that in referring to movie cam 
eras the latter expression is commonly used. The shutter 
speed of a movie camera operating at 160 frames pet 
sec is normally about !.- sec. for ordinary cameras 
Proper exposure can be obtained by juggling thes 
parameters in many ways. For pictures of good quality 
these quantities should be related to each other according 
to the expression: 
Subject brightness, candles/sq ft 


k (f-stop values) 


(ASA No.) (shutter speed, sec) 


in which & is an arbitrary constant having a value 
usually close to unity. 
Previous solutions to the 


problem ol 


iutomati 
exposure control in the 8-mm_ field were all semi 
automatic. as distinguished from completely automat 
In one such solution, the operator in sighting through the 
viewfinder saw two needles. One needle was operate dbyva 
meter movement which was energized by light energy fall 
ing ona photon ell. the other connected directly to 


ring. By moving the iris ring so as to keep the two needles 


an iris 


lined up one could obtain proper exposure values. When 
different film or camera frame speeds were employed a 
bias was set into the photocell-meter circuit so that the 
meter needle indication was slightly different for the 
same scene brightness. This system worked. but the 
operator had to watch the subject and compose his pir 
tures while at the same time continually setting the iris 
needle to match the meter needle. Also. some changes 
in scene brightness occur too fast for even an experienced 
hand to follow with the matching needle technique and 
still obtain steady. well composed pictures. 

For the new 8-mm fully automatic exposure control 
camera. the design targets were to be moderate cost and 
optimum ease of operation. By adopting a fixed film speed 
of 16 frames per sec. any need for frame speed adjust 
ment or bias in the control was eliminated. There are 
only two film emulsion speeds commonly used in the 
o-mm size. both of them color film, rated at ASA 10 
and 16. Some minor bias in the control would be re 
quired to provide for these. It was decided to cover the 
iris range of an 8-mm camera lens which ranged from 
f/1.9 to £/16. This lens has a focal length of 10 mm 
and permits operation from 4 ft to infinity without 
focusing. thus eliminating the need for one more 
idjustment. 

The lens selected is ordinarily used with a “behind 
the-lens” iris plate consisting of different aperture open 


ings which can be rotated into place by turning an iris 
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selector knob. This situation was most favorable for the 
automatic exposure control. because with such an ar- 
rangement there is virtually no restriction on the type 
of iris that may be employed. A very low friction iris 
had been designed for another application, employing 
two disks with teardrop-shaped slots in each and rotating 
so that the slots intersected the optical axis at 90 deg 
to each other. This iris mechanism could be accommo- 
dated behind the {/1.9 lens quite easily and represented 
the simplest rotational iris considered practical for this 
application. 

The problem of designing a meter-cell combination 
powerful enough to drive even such an inherently low- 
friction iris seemed at first technically unfeasible. How- 
ever. by combining the effects of efficient electrical 
circuitry and very low friction mechanical mounting 
methods, it was proved experimentally that such a direct 
driven system was not only possible but worked quite 
responsively. Some losses in efliciency were inevitable ir 
order to insure satisfactory operation at all temperatures. 
since some of the powel venerated by the photocell was 
onsumed in a thermistor and trimming resistor. These 
losses did not make the system suffer appreciably. since 
the response speed of the lens iris is about that of a 

eve. requiring a second to move from f/ 1.9 t 

in the final camera installation. The particular 
metercell-iris combination used. Fig. 1. has an exponen 
lial response. so that each f-stop or iris movement cor 
responds to an almost equal shaft rotation of the meter 

In order to keep the 
vear teeth were employed as the connecting 


tween the meter and the iris blade disks. Fig 


friction load at a minimum. 
means be 
2. Their 
ow rolling friction along their respective pitch dian 
eters. combined with the extremely low friction inherent 
the jewel pivot bearings used throughout. resulted 
i system having verv low breakaway friction. If the 
breakaway friction were high a considerable f{ stop error 
could build up under conditions of gradually increasing 
oht level. In the final svstem this error is only a small 
of an f-stop. Figure 1 depicts the svsten 


the new oO-mm electric eve camera and 


metrical arrangement of the meter 


Another important consideration in_ the 
oncept is the effect of exte rnally applied forces on the 
system. The f 


electrical 
meter results in changes of its coil position due to rota 


conventional construction of an 


tional accelerations. The performance of an automatic iris 
would be seriously degraded if its setting were influenced 
by minor movements of the camera. As can be seen fron 
the drawing. the rotational inertia of the two iris disks 
opposes that of the meter armature. with the very ce sirable 
result that the effect of the externally ipplied rotational 
movements is practically eliminated. 

In many cases the user may wish to adjust the iris of 


a moving picture camera manually. some of the reasons 


being indoor photography against unusual backdrops. 
titling. i 


unusual light conditions and the use of special 
films. In these cases the automatic feature might be 
used as an exposure meter. or not al ill. For manual 
setting. the actuating knob first disconnects the photocell 
circuit from the meter. which restores the system to the 
f/1.9 position. Further rotation of the manual control 
knob picks up the meter gear with a small wire and 


mechanically rotates it against the meter restoring-spring 
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Thermistor and resistor 


Meter gear 


Camera lens 


Photocell 


torque Rotating the 


1utomatic positior 
meter again. 


As in the 


desirable to 


l6-mm electric eve cameras. it seemed 
when light condi- 
the 8 


opaque 


indicate in the viewfinder 


tions were such as to cause underexposure. kor 
mm system this is 
mask to 
the lower 
lighted by piping ambient 
through 


viewfinder. As 


wcomplished by causing an 


interrupt a small beacon normally showing 

right corner of the viewfinder. This beacon is 
light from the front of the 
the front of the 


camera a plastics prism to 


ine | | 


the meter rotates to 9 position 
attached to the 
armature cuts off the path of the ambient light signal. 
to know the 
light « 
setting the camera manually. it is necessary 


indication of the f-stop. Both 


and beyond. the opaque mask mete 
\ camera use! 


hy the 


may want I-stop selected 
Also. in 


to have an 


system under given onditions. 


of these requirements are 
satisfied by retaining the ordinary needle found on most 
meter movements. but in this application the needle is 
bent through 90 deg. 

The variation in film speed is compensated for by 
active 


covering up part of the 


Since the cell! is 


area of the photocell 


illuminated by a large number of 


honeycomb lenses. such partial masking in no way affects 
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Fig. 1. 


matic 


(left) Elemental diagram of the auto- 
control Light 
honeycomb lens and impinges 
on the photocell through the baffle. The gene- 
rated current, higher for greater intensity of 
light, meter coil and causes 
rotation of the meter gears and iris gears. The 
iris Openings permit the required amount for 
correct exposure to pass through the lens to 
the film. The resistor and thermistor in the 
circuit compensate the current for tempera- 
ture variations. 


ex posure system. enters 


the reticular 


energizes the 


Electrical meter 


Meter geor 


iris geors 


Teardrop 
slots in a 


ts geors Lens aperture 


Fig. 2.—(above) The iris mechanism in the 
fully automatic 8mm camera. Each iris gear 
has a “teardrop” shaped slot. The overlap of 
these slots creates the lens aperture, which 
varies in response to ambient light intensity. 


ability mn t average ysut the total scene 
ht } ? 


rightness rape of the front of the camera made 


it advisable to use a ctangulat shaped cell rather thar 


the circular ones used on the 16-mm cameras. One advan- 


tage designwise with = method of biasing the svstem 


is that the 


esponse curve is not altered. The camera is 


designed for the then the 


f-stop 


used and 


sVstem merely require mo ht tor i 


fiven 


alue when usit 


Since this camera desi 


tion unit. it was possil ilor-made 


assemblies. having 


cells and reticular |e 
dimensions to contorm Xa | ie yroposed camera 


front plate. The nature of t new fully automatic ex 


posure control svstem required close ¢ ooperatior between 


optical. 
of the 


high degree 


electrical and product design grou] ince all 


components were mutually interdependent to a 
Form and Vil of the camera 
from the combined effo f the manufacturers stvling 


and \uller-Munk 


resulted 
department \ssociates as 
consultants. 

The mete core tvpe having 
eood stable field 
its lifetime. The alterations to the basi 


inherent 
strength 


meter 


emploved is a 


magnetic shielding and ovel 


were not 
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Automatic Testing, 
Data Recording, 

and 
Statistical Analysis 


[HE NEED FOR AUTOMATIC production testing and sorting 
is increasing because of the increasing prevalence ol 
uutomatic production machinery. To fully realize the 
benefits of automat produ tion machinery, manual pro- 
duction testing and sorting should be eliminated. The 
automatic testing system described in this article is called 
the Astramatic System: it was designed for automat 
testing and sorting of components, as well as automati 


data recording and analysis. The Astramatic system can 


System 


be best understood by first briefly reviewing operations 
involved in repetitive testing 
As illustrated in Fig 


visioned as being comprised of three basic operations 


1, the inspection phase is er 


The first phase is to transport the product or component 
from the storage area to the test area and load it int 
the test fixture. The second operation is to test the prod 
uct for the required characteristics. The third task is t 
sort the product on the basis of the preceding tests. If 
test records are needed or if quality control informatior 
is required, a fourth operation (data recording) must be 
performed 

One method of presenting quality level information is 
in the form of a frequency histogram in which the fre- 
quencies of the observed measurements are plotted as a 
function of the observed measurements. From the histo 
gram much qualitative information can easily be obtained 
For instance. as Fig. 2 illustrates, the central tendency. 
the peak or the mode, the variability. the skewness, and 
the kurtosis of the data can be easily obtained. 

As useful as a histogram is, much arithmetic calcula 
tion ordinarily is required to obtain it. This may be 
illustrated by a typical set of data. Figure 3 is raw data 
from which the histogram of Fig. 4 was plotted. The 
numbers could represent an electrical characteristic, a 
linear dimension, a force or whatever quality is being 
studied. In practice, the numbers are recorded in the 
order that the measurements are made. Note that in this 
form, the raw data are very difficult to analyze and very 
little can be inferred. Even so, a quick examination will 
disclose that the data falls in a finite range. As soon as an 
estimate of the range has been made, the data can be 
classified as follows: 

1. Select the number of intervals n, preferably some- 
where between 10 and 20. 

2. Find the interval size J by dividing the range by the 
number of intervals n. 

3. Add to the offset. /, 27, 37, 47... (n I) I, nl. Let 
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5. Take the numbers in order and determine in which 


interval each number belongs. Place a tally mark beside 


each interval for each number that lies in the 


interval 


6. Total the tally marks for each interval. 


Description of the Astramatic sys- Figure 5 is a summary 


The data now can be plotte 


tem designed for automatic han- 


level 


If quality 


nature is desired, the 


dling, testing, and sorting of com- 


from the 


. ; : — standard deviation o are 
tion and analysis of statistical data. 


ponents, and automatic accumula- data or 
Test data are re¢ orded on pun hed 
tape and automatically plotted as a 


histogram. 


reading 


» total number of re 


The standard deviation then 
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recording, ar 


lesting, 


formed automatically 


i trom the (¢ 
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the oltset equal 5 Phen, the boundaries of the intervals ‘ 
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re. . 
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l) and (S 
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With these 


relerence. 


1 1 
umber them iunctior 


» 


information o! a 


arithmetic 
classified « 


data the two formulas that 


HOO — 


LOO Ar 


f the above-mentioned step 


d as a histogram. 


more quantitative 


mean or average 


and 


standard deviation can be computed directly from the raw 


ita. If the average X 
e computed from the raw 


follows 


ana 


| 
i 
| 
D 


ire applicable are as 


d classification of data are per- 
the Astramatic system. Upon 


LOOA 


the C220 


transports 


Tester-Recorder. 
rter automatically 
one of a number of 

er Station tallvs the classified 
16-interval histogram. In 
tandard deviation statistics 
addition to a 

j j 


ind Standard 


frequency 
Deviation 
ormation stored in the An- 
ics automatically. 

the Astramatic sys- 


nda 
uldae, 





Fig. 2—Types of information provided by a histogram. The areas of the columns represent the number of items in each interval. 
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250 random numbers from a known normal population of 


Fig. 3 Tabulated data of 


standard deviation 


tem was designed to perform automatically the operations feed, and physically sort 
of material handling. testing. sorting. and data recording ixial-lead configuration. 


onfiguration depends entirely on | 


The material handler « loadines of the comport 


the product. No universal machine can be built for auto that the various body len 
matic handling of all tvpes of products. but within almost iccommodated by simple 
ill industries a great majority of the 


recular shapes. Axial-lead electron 


lle components are at ponents 


products have fair! inction with C1lOOA R 


fecort 
can be tested ar 

example. The machinery industry utilizes vast number- The CLODA Rew 
of ball bearings. numerous types of gears. 


1 
det 


and large num he d-c voltages and 1 


bers of nuts and bolts. Study of these major components 
has led to a few basic te hniques which are applicable to 


iny de sign. 


measurements 
technique is the voltages ranging from 10 
Model 220 Component Handler and Sorter 


An example of this integrated design 


shown it measured. 


Fie. 6. This unit was designed to automatically handle The classifier 


measuring pe rlhior 

in accurate d-c digital voltmeter utilizing 
bridge circuit of the stepping switch t 
recorder measures the d-c voltage Input 

what fraction of an internal reference voltage 

natches the input. The internal reference voltage 
vided into 16 increments so that the input voltage is 
classified into one of 16 intervals. The classifier unit also 


1 


isa | : an distinguish input voltages that are above or below 
ch = ts classification range. The “too low” inputs are counted 
<7 = in the lowest classification. number zero. and the “too 
| high” inputs are counted in the highest classification 
yu vd number 15. 
mr Calibrated controls are provided to select the rang 
i. 3 ff the instrument and the zero offset. The range is ad 
“ened justed by the interval size selector which permits accu 
— - rate selection of the self-balancing bridge reference volt 
: . age. The zero offset circuit is designed and calibrated 
die are so that the zero offset controi is in intervals and not i 


Frequency histogram of the 250 numbers in Fig. 3. The volts 


numbers are grouped in intervals of size 25, When the voltage has been digitized, the magnets of a 


Fig. 4 
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n = 16 
Range = 750 - 350 = 400 


= oo os 
oo 


Class interval Class boundaries 


350-375 
375-400 
400-425 
425-450 
450-475 
475-500 
500-525 
525-550 
550-575 
575-600 
600-625 
625-650 
650-675 
675-700 
700-725 
725-750 


Ona uh © WY 


ll lk ee 
ov hk WON Fe OC OO 


Manual 


data 


offset 
raic sum of the 
ompared to 
nergized according 
difference 


the 


ire € 
if the resultant 


stepping itch evele. 


-\W 


memory is read out and used 


wtuate the appropriate punch magnets. For multiple 


testing a 


(LO0A 
be pertormed with 

\fter 
data ts 
which tallies. 
1 histogram. A bl 
Fig. 9. 

Phe Input to the analvzer is punched paper tape pre- 
the CLOOA 


multiplexer unit is used in conjunction with the 
The 
the 
the data are 

mplified by use of the 


ereally sit 


Recorder multiplexers permit four tests t 


same classifier. 
statistical anal f the 
CLOOA Analyzer 


nd graphically presents the data 
ol 


recorded. 


Vsis < 


( ompute ~. 


ock diagram this is shown in 


pared in. either Recorder or on a manual 
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(omponent- esting system. 


ird Classiher 


' 
reader, 


be plotted by 
ientially reads out the 
After the 


j 
cleared 


tally from the corde 


| 
Le ane 


histogram is plotted. the 


read into the 
| 


ana 


i new tape 
statistics are re 


the ¢ 
The unit is 


If average standard 


quired, they can be obtained ally by 236 
and Standard Dev 


analvzer and operates on 


\verage Computer. 


used with the the informatior 





Electricol 
transducer 
A 


Electrical 
transducer 
R 


Chonnel 
selector 
& timer 


ig i7—Automatic tester 
and recorder block diagram 


Fig. 8—Classifier func- 
tional schematic diagram 


stored in the 16 registers to obtain X and co. Two modes 
of operation are available. One mode of operation pre- 
sents the computed X and o as points on a control chart. 

For testing pilot production quantities or laboratory 
experiments which do not warrant automatic testing and 
ecording. the C240 Keyboard Classifier eliminates the 
tedious manual reduction of recorded data. Once the 
range and offset have been set on the keyboard classifier. 
the recorded data can be manually entered on the 3-digit 


keyboard. and the unit will automatically classify the 


data into 16 intervals and store the information on paper 


tape. The frequency distribution X and o can then be 


obtained by feeding the prepared tape into the C1LOOA 


Analyzer and C236 Average and Standard Deviation 
Compute 
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Classifier 


i6- channel 


register 


Channel "i 
selector & —— Read-out Graphic 
eae scanner recorder 
synchronizer 


Fig. 9—Test data ana- 
lyzer block diagram 
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Basic opercting mechanism of differential expansion thermal relay, G-V Controls, Ini 


Thermal Relays 


Perform Unique Functions 


A versatile line of precision components 
plus a new and growing art of thermal 
relay application are now available to the 
designer. These developments originated 
with a firm conviction that thermal actua- 
tion was a sound operating basis for re- 
lays, despite common preconceptions of 
the limitations of the principle. Logical 
design sequence followed step-by-step re- 


search in materials and operating mechan- 


ics, culminating in a new relay type hav- 


ing its own definite areas of circuit 


function. 


J. DAVID MARKS, Manager of Engineering 
G-V Controts, Inc., East Orange, N. J. 


BASICALLY, A THERMAL RELAY is one in which the load 
ontacts open or close in response to the heating effect 
of an energizing current, as distinguished from the elec- 
tromagnetic effect of the current. In addition, the thermal 
relay normally includes an appreciable delay between 
the time of excitation and the operation of its contacts. 
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[he thermal relay has a number of advantages. One 
basic design can be used for relays having time delays 


from 0.1 sec up t yout 5 min. It is smaller and lighter 
than other types of electrical time-delay devices, can be 
made entirely of inorganic materials and therefore is 
readily hermetically sealed, and its inherently simple 
construction and freedom from lubrication problems make 
it reliable and trouble-free. The thermal principle gen- 
erally results in lower power consumption than in other 
types of devices performing similar functions, and is 
operative interchan or a-c of any frequency. 
One of the properties peculiar to thermal relays is often 
significant in circuit applications, that is a kind of “stor- 
ige” function: following an energized period, the cooling 
time of the relay can be used to produce a time delay 
after cut-off of electrical energy. 

In considering the use of thermal relays for specific 
circuit functions, there are also certain limitations that 
must be kept in mind. When used alone, a thermal relay 
must ordinarily be allowed time to cool after one-time 
delay action, before it is ready to repeat. Instant reset 
can be accomplished but requires additional components 
ind circuitry. 

The rate of heating, and consequently the delay interval. 
varies with change in energizing voltage. There are times 
when this characteristic is helpful, as when the heating 
of a tube cathode or the acceleration of a gvro is being 
timed. since the effects being timed also vary with the 
applied voltage. There are other applications in which 
this particular characteristic is a limitation. Additional 
circuitry can also get around this problem. 

The other major field of circuit application that has 
been developed for the thermal relay is as a voltage or 


current sensing element. For any particular setting of a 
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Fig. | Heating and 
eurves for two thermal 


cooling 


relays 


Fig. 2—Thermal relay operating mech 
inisms, for different time delay 
The embedded heating 
for longer delays Phe 


center, and the hot wire 


ranges. 
element, left, is 
ribbon type. 

right, give 
progressively shorter delay characteristic- 


i specific heater current or \ 


value. which is just enough 
vy value below this will 
latter how lor 

» the critical 


t m 
tner 


protect 
and low current 


} 


has a number of unusual char 
is essentially no differential 


| 
the 


hetweet 


acts close on rising voltage 


) 
they open on dropping voltage \ pe 


down will dependably close or oper 


lac in thermal response ol the 


n rapid li) 


Fig. | -Rapid re-set 


time lelay circuit 
combination with a 


thermal relays TR-] ind TR-2 


magnetic relay. 


Power 
source 


Contact movement 


Minimum deloy—> 


i 
i 


rmol deloy——> 


Differential expansion principle 
employed in G-\ 


thermal! relays 
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tions of this are apparent from the heating and cooling 
curves of two relays having different time characteristics. 
Fig. 1. The curve OADE shows the temperature differ- 
ential and contact gap in relation to elapsed time for a 
thermal relay having relatively low mass and therefore 
a low time constant. An optimum operating level for con- 
tact “make” 
along the line BG. The contacts operate at the point \ 
on the curve OAD, and the time delay is BA. On the same 


relay a longer time delay would derive from 


. assuming a normally-open relay, is chosen 


operating 
higher on the curve. between A and D, but this “softer” 
portion of the curve is less desirable for total relay char 
acteristics. The curve OCE is a similar thermal curve 
for a relay having greater mass and therefore a longer 
time constant. The latter relay can be set to operate at 
some point C, giving the longer time delay BC without 
getting into the less desirable portion of the thermal 
curve between C and E. 

When de-energized. the relays cool along the curves 
DF or EG. The time for the contacts to return to the 
unoperated state is the horizontal distance DF or EG. 
This “contact release time” also is determined by the 
time constant of the relay and the level at which the 
operating point is set. By judicious use of these charac- 
teristics, 
the best 
application. 


the proper time constant and setting permits 


combination of parameters for a_ particular 


lo achieve the require d thermal response it is desirable 
that as much as possible of the energy of the heater 
winding directly affect the expanding member. and as 
little as possible affect the compensating member. For 
delays greater than about 10 sec, the heater is entirely 
embedded inside the rigid expanding member, making 
very efficient use of ‘the available heat. Figure 2. left. 
illustrates this construction. 


The need for faster cooling structures was recognized. 
particularly for relays intended for shorter time delays 


Figure 2 center shows the ribbon type in which the ex- 


panding element is a ribbon under tension. still indirectly 
heated by the surrounding heater winding. A stil! shorter 
time constant is achieved in the hot wire tvpe illustrated 
by Fig. 2 right. In the latter the mass of the heated and 
expanding element is still further reduced by making it 
a directly heated wire grid under tension. In these two 
types. by getting the heat more quickly and directly into 
the expanding element. which has lower mass. the cooling 
is well as the heating characteristics become more rapid. 

Phe flexibility of application has been made possible 
by the development of the fully adjustable hermetically 
sealed relay. shown schematically in Fig. 3. Strips A and 
B are rigid members having the same expansion charac- 
The electrically heated member is A. 
B is unheated. The moving contact is carried by a rigid 


teristics. whereas 


arm € and the contact gap is adjustable by positioning 
arm [D) which bears against a glass bead. A spring. not 
shown in the diagram, provides bias against the adjust- 
ing arm. By turning the adjusting screw. which is external 
to the sealed space. the structure is displaced so as t 
provide adjustment of the cold contact gap and the set- 
tine of the relay time delay within the design limits after 
it has been completely sealed. This feature also makes 
possible field adjustment of relays. and sensing relays 
can be adjusted to exact circuit conditions. which is par- 
ticularly useful in engineering prototype work for deter- 
settings. 


mining required exact Production quantities 
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Fig. 5—-Unit construction combinations, 


Fig. 6—Thermal relay circuit for constant time delay over a 


range of supply voltage variation. 








Flashing thermal relays. 


Fig. 7 When the 
circuit is turned on, both thermal relays are energized. TR-1 
closes its contacts first, but no action of the magnetic relay re- 
sults at this time since contacts of TR-2 are still open. Later, 
contacts of TR-2 close. pulling in MR. The latter locks itself 
in through its front contact and. through its back contact de- 
energizes both thermal relays. Contacts of TR-2 reopen almost 
immediately, but this has no effect since they are shunted 
by the lock-in contacts. Later, contacts of TR-1 reopen, dropp- 
ing out the magnetie relay and starting the cycle again. Thus, 
one portion of the flashing cycle is controlled by the heating 
time of TR-2; the other portion by the cooling time of TR-1. 
By suitable choice and setting of the thermal relays, a wide 
variety of flashing rates can be produced. 


circult using 





can then be accurately specified to have tactory-set ad 
justments and the adjusting screw access holes covered 
to prevent tampering 


The use of the differential expansion principle lend- 


itself to a mechanical design which is inherently rigid. 


ind has permitted the introduction of thermal relays 


which will reliably withstand vibration up to 500 eps 
and shock up to 50 g 

Applications. The inherent limitation of thermal d 
vices in requiring a cooling period after operation and 
thus not being immediately re-usable can be overcome 
by using thermal relays in a combination as in Fig. 4. By 
making use of both the heating and cooling character- 
istics of two relays, it is possible to produce a thermal 
time delay circuit which is instantly ready to repeat its 
delay function after completion of an operation. Wher 
the switch is closed, both thermal relays start to heat up 
At point A the contacts of TR-1 open, but nothing else 


happens. Both relavs continue to heat. and at point B th 


und 
| 


a | 


big Thermal overload relay with double-heater 
struction, incorporating a lock-out feature. With normal load 
the current through winding A leaves the contacts unoperated 


Lpon overload the contacts open, thus inserting in serie- 
the higher resistance winding B. Both windings affect the same 
thermal element. so enough heat i- produced to hold the con 
tacts open. Further, the higher resistance of winding B. aided 
by resistor R if necessary, limits the load current until the 
circuit malfunction can be corrected. While this is being done 
the power source would normally be disconnected and_ the 
relay cools, ready to resume its) protective funetion  uper 
restoration of power 


Fig. 9 (right Overload sensing and disconnect cireuit em 
ploying thermal relays. The purpose of the circuit is to detect 
in overload condition, remove the load for some minimum 
time, and automatically restore the load, again sensing for 
overload. When the main power switch is closed, the re-set 
circuit (TR-1, TR-2 and MR-1l) is energized through the nor- 
mally closed contacts of the sensing relay. TR-] and TR-2 
begin heating but MR-1 is not operated at this time since its 
coil circuit is still open. TR-1 is adjusted so that its contacts 
ire operated before the contacts of TR-2. When TR-2 is suffi- 
ciently heated, its contacts are operated thus completing the 
circuit for MR-l. When MR-1l picks up. the heaters of TR-] 
ind TR-2 are de-energized and they begin cooling. 

As TR-] continues to cool, its contacts will reclose which 
completes the circuit through the now closed contacts of MR-] 
rhe load relay operates, connecting the line to the load. At any 
time thereafter should an overload occur, the contacts of the 

ising relay will open, thus causing MR-1 to drop-out and 
consequently the load relay to drop out. cutting off the supply 
to the load. When the load is cut off the sensing relay is 
ilso cut off and it begins to cool, thus reclosing its normally 
closed contacts. The load relay, however, is not 
immediately until the reset circuit first has 
timing cycle 


energized 
completed its 
This operation will continue indefinttely until 
the main power switch is opened or the overload disappears. 
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contacts of TR-2 close. pulling in the magnetic § relay 
which locks itself in. This action also disconnects the 
heaters of both thermal relays, which immediately start 
to cool. The output contact of the magnetic relay is now 
closed. but since the normally closed contact of IR-1 has 


previously been opened the 


output circuit is still oper 
\s the relays cool. the contacts of TR-2 are now out of 


When TR-1 


its contacts reclose 


the circuit. returns to its operating level 


it point C, Since the magnetic relay 
output contact is also closed, the load circuit is now 
closed. On the next cycle of operation, both thermal re 
ivs have effectively cooled completely, and hence are 
instantly ready to re-time the cycle. It is noted that the 
entire time delay cycle is made up of both the heating 
ind cooling portion of the thermal relay 

The circuit arrangement is such that if there should 
be any interruption prior to the timing cycle being com 
pleted. the circuit will instantly recover at least as muct 
time delay as the cooling period BC. This circuit car 
similarly be arranged for a normally closed output. Fig 
ure 5 is a unified assembly of the instant re-set time 


delay. The unit canned construction is also applied te 


itther thermal relay combinations such as the constant 


ime delay. Fig. 6. and the flashing circuit, Fig 


\ thermal relay is voltage sensitive, inherently. but 

that it is thermal in operating principle 
rate rapid fluctuations in voltage. 
used advantageously i 

obtaining a constant time 


supply voltage. | 


thermal relay 


t} 
I 


SupplV Is betwee! 


rR-1 will open contacts ultimately, 


+ 


series with the heaters of both relavs 
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tO COO! slightly. 


shorting 


This action re-closes the contacts of TR-1, 
resistor R and restoring fully supply voltage to 
the heaters. The cycle of contact flashing of TR-1 depends 


also determines 


ipon the supply ve tage which theretore 


cle of varying voltage applied to the heater of the 
TR-2. The net heating effect of this cyclic 


ind therefore the time delay of TR-2 can be made 


relay 
voltage 
essentially uniform over the range of supply voltage vari- 
ition 


An alternately “on” and “off” or circuit 


and a lock-out 


using a 


flashing 
using thermal relays is shown in Fig. 7, 


overload protection arrangement dual-heater 


relay. Fig. 8. 
extra normally 
This self- 

is so adjusted that after the 
operation of the load contacts the extra contacts operate 
and open the heater. As soon 


Another special unit incorporates an 
closed contact in series with its own heater. 


regulating thermal relay 


is the relay has cooled 


slightly. these contacts reclose and restore power to the 


heater. The auxiliary contact thus flashes the heater or 


ind off. maintaining the relay at a point slightly above the 


Operating Characteristics of Typical Thermal Relay 


Range of operating voltages available, at normal 4-watt input 


Normal operating time range 
Shortened operate time (instant cut-off only 


Extended operate time 
Ambient temperature range, non-operating 
Shock (11 milli-sec.) non-operating 


Vibration, non-operating 


Acceleration (unidirectional), non-operating 


Operating Environment: 


Timing variation from value at room temperature, with con- 
tinuous energization at rated voltage 


Timing variation from value at room temperature, at rated 
input voltage, instant cut-off 


Shock (11 milli-sec 


. No false operation fully de-energized 
or at saturation 


Vibration. No contact chatter at less than 85 per cent of 
Normal Operate Time. Chatter duration not more than 25 
per cent of Normal Operate Time. Chatter shown is maxi- 
mum, at no load and at low end of preferred time range. 
Chatter is greatly reduced at normal contact loads and at 
high end of preferred time range. 


Contact Rating: 
Non-inductive, a-c 


Non-inductive, d-c 
Inductive, a-c 


Inductive, d-c 


JANUARY 1958 


operating level. The | 
the relay does not reach t 
it there were ne 

vith such a relay there 


the load contacts wher 


[his feature is ofter 


tively long 


“short 


operating time. Combining several of 


release” relays can give 


proportional re 
of delay time to almost any desirable characteristic 
A frequency sensing unit, for low frequency cut off 
results from combining a suitable thermal sensing relay 
with a properly designed high-pass filter. If the filter is 
designed so that its output voltage at, say. cvcles 
is sufficient to operate the thermal sensing relay. tl 
contacts of the latter will keep equipment on the line 

long as the frequency is in the 


above. If the irequency 


region of 400 cycles or 
drops below the 370 eps. the 
thermal relay will remove equipment from the line 

\ circuit for overload protection, having unique char- 
acteristics and employing thermal relays, is shown ir 


( ontinued n nage ?7F 


2.5 230 volts 

Note: 6.3 volts min. on plug-in relays 
12 180 sec, 
2 sec. 


with tolerance of 10 per cent but not less than 


+ 


5 sec. tolerance 20 per cent 
cent from —€5 C to —85 C and 


with ambient variation 
20 per cent at 110 C. 


= 15 per 


240 sec, with normal operate time tolerance 15 per cent. 


70 C to +125C 
0 


g 


0.09 in., 555 eps, 15 g, 55-500 cps 
Note: plug-in relays in sockets with XA-2 clamp limited to 60 cps. 


50 2g 


= 10 per cent at 
+15 per cent at 


65 C and —85C 
-110 C 


=10 per cent at —65C 
+20 per cent at +125 C 


30 g, up to 90 sec operating time 
25 g, above 90 sec operating time 


0.06 in, 5—55 eps 


10 g, 55—500 cps 


Note: plug-in relays in sockets with XA-2 clamp timited to 
60 cps. 


6 amp, to 250 volts 
4 amp max. above 90 sec 
2 amp max. when MIL-Specs. apply (contact drop requirements 


1 amp to 32 volts 
3 amp with 0.05 mfd across contacts 


1 amp below 25 volts 
25 va to 250 volts 


1< amp, to 32 volts 





Novel Information 


Design of a color-coded information dis- 
play system for control panels and con- 
soles. l p to joul colors may be provided 
in each information display area to depict 
different bits of information concerning 
a given operation or device. Applications 
include annunciator boards. games. utility 


and process control panels, 


An ELECTRICAL MANUFACTURING Staff Report 


IN THE DESIGN of an information display system. the 
primary objective Is to present the information in a man- 
ner which will provide rapid operator comprehensior 
ind analysis. 

During the early stages of the development of a cor 
trol system for the !and based Talos missile launcher by 
the Missile Systems Laboratory of the American Machine 
& Foundry Co.. the first approach to the operating sta- 
tion layout was the use of conventional standard switches 


ind “bullseye” light indicators.* It became apparent that 


the multitude of lights and switches involved in this com- 


plex control svstem would be difficult for an operator to 


omprehend. Based on a study by Dunlap and Associates. 


human engineering msultants. the readings were re 
duced to the minimum 


ip and Associates specified the maximum space allowed 


requirements. In addition. Dun 


i group of information displays plus the require 


ments tor the many different colors to aid the operator's 
response ; 
The design requirements imposed by the human fa 
rs speciheations made it imperative to use a given 
irea for more than one bit of information. This resulted 
1 design ‘ n one indicator is illuminated 
with colors eman ! from four light sources 
Heretofore. ede hting of a translucent panel with 
plurality of colored light sources has been utilized 
to achieve uniform lighting of a panel indicator. How 


ever. sue h lightir , requires an excessive number ot com 


tion for maximum operator comprehension and analysi- 


Information display panel provides large, area indica 


ponent parts surrounding the panel edges and is rela 
tively ineflicient as only a small portion of the available 
iiiumination penetrates the edge of the panel 

The ultimate design evolved is shown in Figs. 1 and 
2. A flat sheet of transparent or translucent plasti 
information to 
painted on this 


methyl methacrylate resin) carries the 
he displayed. The information can br 
sheet using an opaque or translucent or transparent ma 
terial. Figure 1 shows a demonstration display panel 
such as might be employed in a missile control console 
The illumination cells for each information area are 
designed as illustrated in Fig. 2. Each cell may conta 
bracket behind the 


panel. The solid filter and diffuser block assembly is 


ip to four lamps mounted on the 


removable from the front of the panel t 


facilitate lamp 


shaded 


onstitutes a re 


replacement. The inside surface of the heavily 
irea in the filter and diffuser block 
Hecting surface which serves to direct light to the indi 
cator sheet. The main body of the block is filled witl 
1 material having uniform light-transmitting character 
methyl methacrylate resin 
filters and 
nolded into the rear of the block. The filters are cavi 
lamps. When mount 
k is iz 

the information-bearing sheet. The filter and diffuse: 
block may be fabricated by any ol 
molding 


inserts in the molding process so that the result is a single 


istics such as transparent 
Cylindrical color diffusing elements are 
ties which surround the illuminating 
ed. the transparent portion of the bloc ontact wit! 
several well-known 
techniques, the color filters being handled as 
integral rigid assembly. 

In operation. light emanating from any of the sources 
is directed outwardly through the color filters and dif 


fusers into the solid clear portion of the block. Since 





the block is 


surtace except 
for the front face 


which is in contact with the indicator 
sheet. substantially all of the light 


surrounded by a reflecting 


rear face of the 
nated by the 


erally spaced. the 


is conducted to the 
indicator sheet. Hot spots are elimi 
difhiusers. Although the light sources are lat 


formation carrying sheet is uniformly 
any of the sources is activated. 
This information display design provides the follow 
advantages 


Three ! 


at different ti 


illuminated wher 


ray be displayed in the same 
mes to comply with 
specifiicatior 


) ‘eo span 
| ssentia 


human-engineer- 


is mounted behind the 


panel and console space re 


are lllun 


». Areas 1] 


ition inated with an 
distribution nt te ovide improved 


even 


long distance 
ewing and n sitive attention stimulation 
tL. Nesting of color units results in redi 


uced panel are 
requirements 


». Different st plaved the same 
general. th 


ws the 


rreet at the 


area 
operator to 


moment green 
problen ireas flashing red 
ntermediate conditions such as op 
happen amber or vellow 

ch. the design engineer can comply 
gineering specifications of 
onsoles at 


compact 


information. With 


ilwavs find infor 


the desired 


this type 


he same spot o1 


ived by separate 
th resultir ext 


hig 
the 


2— Illumination 
yperat block is 


ment 


Light Energizes Control 
in Self-Setting Camera 


( 


extensive ht 


o weight t ot 


D 1iuminum 
the armature 


u 


was adade 
shaft at the end 


carrying the 
ind the special pointer is at the other end 

armature shaft. Suitable contact strips were 
for connecting and disconnecting the 
manual control. The 
vlindrical housing 


normally 
pomnter. 


the 


+ 


adde 


electrical 
vyhen using 


al circull 
is mounted in 

cast into the front plate and held i 
screw. The mesh of 
enough t 


meter 


f this h 
by a set the gears 


| particularly attractive 
critical » require idjustment of the meter the elimination of 
ocation 

In the final iris svstem. Fi : 


a the teardrop-shaped 
were extended al 
hoth to provide 


in the rotating disks 


either end 
This was done reasonable overtravel 
ind to permit making both slots identical. Since the 
two disks cannot be placed at the same geometrical plane 


removable from 


detail. Color 
to 


filter-diffuser 
facilitate lamp replace- 


smaller 
} ] . 
one disk WII! 


can be identi 


be aligned with the | 


iens 


and therefore tl 


compensation. One 


circuit which made 
new S-mm camera wa 


ries trimming resisto1 





DESIGN TRENDS 


Two-speed 
Wash-Spin Drive 
Uses Sprag Clutches 


SMITH, Chief Engineer 
Equipment Divisior 
Detrex CHEMICAL INDUSTRIES, IN‘ 


Green, Ky 


: « 
Dry 


leaning 


Bowlin 


DEPENDABILITY O1 
the 


equipment because of the complete re 


PERFORMANCE Is es 


sential to design of drvycleaning 
liance which small neighborhood clean 
the 


continuous operation of a single ma 


ng establishments often place on 
chine. As one means of achieving this 
lependability, Detrex has worked for 
simplicity of design through the use 
of a sprag-type over-running clutch to 
combine two driving operations of dif- 
One of the 


“wash” operation in 


ferent speeds drives per 
the which 
the cleaning drum is rotated at 35 rpm 
and the other is the 


tion of the evele in which the drum is 


iorms 


“extracting” por- 


Fig. | 
establishments 
clutch to 


uses two motors 


sprag-type achieve simple 
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Drycleaning machine for small neighborhood cleaning 
connected 


two-speed drive. 


rotated at 550 rpm. The gearhead 
washing motor is mounted vertically as 
shown in Fig. 1 
through a sprocket and roller chain to 


and is connected, 
the outer race of a sprag clutch, made 
by the Formsprag Company, Van Dyke, 
Mich. The 
the extracting 
in Fig. 2 and V-belts in the sheaves on 
the other end of the shaft used to 
the 


sprag clutch is mounted on 


motor’s shaft as shown 
ire 
drive drum. 


The 


sprags 


sprag clutch itilizes D-shaped 
precision-ground con 
and The 
sprags are kept in place by energizing 
that they 
Bee dause 


number of 


between 


centri inner outer races. 


springs so are in constant 
there 
points at 
the 


engagement 


an in- 
the 
there is 


engagement. are 


finite which 


sprags may contact races, 


wear at points. 


The 


automatically 


no 


cleaning units operate on an 
timed cycle. During the 
washing operation, only the wash mo- 
tor is energized and it drives the drum 
through the shaft. 
the the 


main portion of the desir- 


extracting motor 


Since washing operation is 


cycle, it is 


Fig. 2 
together through 


drum, on other 


2—Sprag clutch is 


end. 


able to keep the wash motor energized 
at all times. Thus when the washing is 
complete, the extracting motor is en 
ergized but the wash motor continues 
the speed of the ex 
than that of 
the 


to operate. Since 


tracting motor 1s greater 
the 
of the 
clutch. The need for 


the 


rotation 
the 


wash motor however, 


overrun mn 
illy 
f 


ior shut 


wash motor 1s 


mechani dis 


two motors or 


engaging 


ting off the wash motor during the 
operation is thus obviated 

In the Ambassador” 
in Fig l. the 
144 hp and 210 rpm. The extracting 
725 The 
-prag ¢ luteh used has a torque capacity 
of 710 ft-lb. and uses ball bearings. A 


smaller model of the cleaning machine 


extracting 
model show! 


wash motor rated at 


notor is a 3-hp unit at 1725 rpm 


uses 14- and 1-hp motors and a bushing 
clutch with a rating of 216 ft-lb. The 
friction brake shown in Fig. 2 is elec 


hold the 


motor 1s 


trically energized to drive 


when neither opera 


ting. 


mounted on one end of shaft of high- 


speed motor with sheaves to drive V-belts, which rotate cleaning 
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Holding 
Close Tolerances 
in Ceramic Capacitors 


NORMAN RUDNICK 
(FLENCO CORPORATION (a 
Gulton Industries) 


Metuc he n, New Je rsey 


subsidiary or 


TEMPERATURE COMPENSATING CERAMI 
APACITORS serve as stable, high quality 
apacitors comparable to mica, but have 

the added advantage of a controllable 

temperature coefficient useful in com 
pensating for uncontrollable drift in 
ther circuit components. The desired 
temperature coefhicient is usually nega 
inductance 
iritt and is normally determined em 


tive to eancel a positive 


pirically. Onee this is fixed. the de 


signer demands precise reproducibility 


{ iracteristics. This accurate control 
ver temperature coefficients is hindered 
I f ihe 
proce y 
| G ( 1 
vith e Sig Corps } cs a 
t ple blending svste 
I mpositions lled j 
t el f leveloped having t 
P100 and N&O0. The compositions were 


idjusted to be compatible in all con 
inations of the two such that all blends 
ild be fired with the same tempera 
ture cycle. In the Glennite thin sheet 
process, a liquid slip is deposited onte 
i moving steel belt as shown in Fig. 1 
It is dried and cut into flexible strip- 
ind then fired into flat, dense cerami: 
-heets. By blending various proportions 
f the end member in the slip stage 
bodies with all temperature coefficients 
in the range from P100 to N750 were 
»btained. 

\ given batch is made by tapping off 
from the rolling drums in which the 
end members are stored the amounts of 
slip determined by reference to a graph 
of temperature coefficient versus com 
position. By pre-sampling this batch, the 
temperature coefficient is determined 
If too negative, an appropriate amount 
of positive coeficient end member is 
idded to the batch of uncommitted slip 
ind vice versa. Thus variations due to 

hanges in raw materials, small differ 
ences in body composition, and similar 
sources of error, are bypassed and close 
tolerances become possible. 

Another factor which limits the abil 
itv to hold close tolerances is a conven 
tional filled Durez phenolic plastic with 
wax impregnation which has a_ very 
high positive temperature coefficient of 

ipacitance. Since the coating adds a 
small amount of capacitance due to 
i fringe effect, its temperature coefh- 
cient influences that of the finished 
capacitor. The effect is dependent on 
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the size of the capacitor, the area and 
thickness of the ceramik plate and the 
relative dielectric constants of cerami 
and coating, and is greater for very 
small capacitors. 
the positive shift due to the coating can 
be counteracted by using a ceramic 
with a coefhicient more negative than 
the nominal by an amount equal to the 
expected coating effect. The coating 
however is not a homogeneous material 
and its influence is variable and not 
easily predicted to the degree necessary 
to hold close tolerances. Glenco has 
developed a glass coating in which the 
ceramic plate is dipped into molten 
glass, providing a continuously fused 
protective surface. This offers excellent 
moisture protection, has a smaller and 
nore consistent influence on the over 
ill temperature coefficient. and further 


ore extends the operating temperature 


of the capacitor The phenolic coate 


' 


inits were renerally restricted to ¢ ( 
the low melting point of the in 
eona The glass-coated types 
ntatively rated 125 ¢ i 
sraded to 150 ¢ 
One t | yg f 
the ait ilt iking 1 a} 
ent It ce cone t4 t the tole 
es 15 deg ¢ 0 pe 
wi eve S eater I of 
ents { P100 to N750 mav even be 


method ot ¢ ontrol 


-urpassed by the new 


but measurement techniques are not 


lependable enough to support this con 


tention Several methods have beer 
ised including a direct or indirect sub- 
-titution system in which a know 
ipacitance change compensates for 
the change in the unknown’ under 


measurement. and a frequency systen 
in which the capacitance change is 
sensed as a frequency shift. The first 
method 


brated variable capacitor with incre 


requires an accurately cali- 
ments of 0.001 yuf or smaller and elab 
orate precautions against stray capaci 
tances and instability in connections 
ibles, switches, et The Irequency 
system appears attractive since elec- 
tronic counters 


measure trequency 


easily to one part per million, but 
closer scrutiny reveals many difficulties 
in calibrating a capacitance-frequency 
conversion, in oscillator stability, in the 
lack of a loss balance and in other 
shortcomings. A preferable system is 
the l-me bridge designed especially to 
measure incremental capacitance ratios. 
As shown in Fig this consists of a 
pair of conductance ratio arms, one 
fixed with a variable capacitor across 
it for loss balance. the other continu 
ously variable, and a pair of capaci 
tance arms. one containing the un- 
known. the other having a General 
Radio 722 precision condenser in paral- 
lel with 9000 puf. With the 722 dial set 


it 1000upuF. the known capacitor arm 


To a certain extent, 





Fig. 1—Casting thin sheet ceramics. 


Fig. 2—Inecremental capacitance ratio 


bridge circuit. 


is 10.000 wut. With this setting estab- 


lished and with the unknown capacitor 


it 25 C. the bridge is balanced with the 
iriable conductance arm. These con- 


ductance settings are left fixed as the 


The changes 


emperature is changed. 


i the inknown capacitance due to 


temperature are balanced by varying 
the 722 precision capacitor. On one 
scale this may be adjusted to 0.1 pyf, 


ther scale to 0.01 ppt. 


From the 
bridge equation it is seen that the rela- 
tive change in the unknown capacitor 
irm is equal to the relative change in 
he known capacitor arm. Thus the 

nge in the 722 required to restore 


balance when read in hundredths of 


f is exactly the change in the un- 
known capacitor in parts per million. 
Neither side of the unknown is 


grounded so that both sides may be 
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shielded. The ground 
from one side affects only the sensitivity 


capacitance to 


of the bridge since it falls across the 


detector. The capacitance to ground 
from the other side of the unknown 


falls across the precision condenser and 
small error in the de 


termination of 


introduces a 


absolute capacitance 


which is of no consequence. The varia 


tion in this capacitance to ground 


however, is a source of error. but this 
is reduced since it appears across 
10,000 puf. In a grounded system it 
would appear directly across the un 
known capacitance. The three terminal 


system therefore minimizes the influ 
ence of strav capacitances ind facili 
tates the design of connectors and 
switches. 
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High Dielectric Gas 
in Vapor Cooled 
Transformer 


VAPOR COOLING OF TRANSFORMERS, a 
relatively new trend in heat exchanger 
design, utilizing high dielectric strength 
gas has been developed by Westing 
house Electric Corporatior 


gas-insulated 


\ 500-kva vapor 


unit (the first 


cooled 


submersible such in op 


installed in the net 


ion) has beer 


Flow diagram of vaporization cooling. 


Pump (A) forees liquid from sump to 
nozzle B) applying liquid uniformly 
over core and coils. Liquid evaporates 
C), taking latent heat of vaporization 


from coils, filling space in tank (D) with 
Vapor 


vapor migrates upward through 


ooling tubes, condenses and flows gravi- 


tationally back to sump. 
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work of Consolidated Edison Company 
i N.Y. This network transformer 
hexafluoride 


uses 


a mixture of sulfur and 
another fluorochemical as the cooling 
and insulating medium. Since this mix 
has fire ex- 


ture is not flammable and 


tinguishing characteristics, a  greate1 
margin of operating safety and longer 
transformer life is indicated. 

\ vapor cooling process is, in itself, 
not new or necessarily complex. How- 
this 


design of a transformer, 


ever the application of type of 
cooling in the 
with added high dielectric properties 


trend. 


of a gas Is a new 

The process itself is basic. A small 
pump forces liquid from a sump to a 
nozzle through which the liquid is ap- 
plied uniformly over the core and coils 


As the liquid evaporates it takes its 


latent heat of vaporization from the 
coils. The vapor migrates upward 
through a series of cooling tubes and 


condenses. releasing this latent heat of 
vaporization, The condensate then flows 
gravitationally back to the sump from 


where it is recirculated in the svstem 


Table I—Tube failures reported 
by (A) large aircraft engine 
manufacturer and (B) large ma- 
chinery manufacturer. 





A B 

Number of electronic 

controls 1000 339 
Number of vacuum 

tubes 16,000 5800 
Vacuum tube failures 

per year 5600 1000 
Average tube life, years 2.85 5.8 
Number of gas-filled 

tubes 4000 1200 
Gas-filled tube failures 

per year 1400 500 
Average tube life, years 2.85 2.4 


Table ll—Per cent of down time 
due to various causes reported 
by manufacturers (A) and (B) in 
Table |. Total down time for (A) 
averages less than 1 min per 
day per control. For (B) total 
down time is approximately 3 
per cent of operating time. 





Per Cent 

Cause A B 
Readjustment 50 68 
Vacuum tubes 25 10 
Relays and contactors 10 5 
Gas-filled tubes 5 2 
All other components 10 10 
Unclassified 5 





Electron Tubes 
in Industrial Control 
—Yes or No? 


IN THE TABLES* HEREWITH are some 
actual operating statistics compiled to 
show what can be expected in the way 
of reliability of electronic equipment in 


The 


drawn 


the control of industrial machines. 
conelusion to be 
that 


causes oft 


most obvious 
electron 


difh- 


it would appear that ro 


from the information Is 
tubes are not the big 
culty. In faet. 
tating machinery. relays and contactors 
account for a considerable share of in 
terrupted production and that the time 
required for alignment and adjustment 


in some equipment is longer than 


necessary. The latter might conceivably 
be caused bv the use of electronix 
but it is probable that the long 


idjustment time is not due to the tubes 


con 


trols. 


themselves but indicates faulty or in- 
idequate desigt 
I I 
‘ i oa ( f 
( \ AlkE M 






























Table Ill—-Large machinery man- 
ufacturer reports less than 10 
per cent total down time, broken 
down as shown. 


Number of electronic controls 34 


Number of vacuum tubes 1500 

Number of gas-filled tubes 140 

Per cent down time due to tubes 30 

Per cent down time due to other 

! components 40 

Per cent down time due to readjust- 
ments 30 


Table 1V—Analysis of down time 
for 29 paper making machines 
in 9 different mills. Eighteen of 
the machines have electronic 
speed drives and 11 have me- 
chanical speed controls. Down 
time for all machines averages 
5 min for each 24 hr of opera- 
tion. 


Cause Per cent 
Motors and generators 22.0 
Draw variations between drives 17.0 
Regulator readjustments 10.0 
Wiring and grounds 9.0 
Relays and contactors 8.0 
Miscellaneous 8.0 
Rheostats and potentiometers 6.5 
Overload tripping 6.0 
Electron tubes 4.5 
Regulator components 4.0 
Tachometers 2.5 
Pushbuttons 1.5 
Mechanical components 1.0 
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Short Cuts for 
D-C Magnet Coil 
Designs 


RALPH R. TAGGS, Electrical Er 
Detroit, Michigan 


NOMOGRAMS MAY BE CONSTRUCTED for 
the graphical calculation of many types 
Presented 


here is a nomogram and an example 


of engineering problems. 


of its use in the solution of a typical 


In the de- 


allowance 1or insula 


problem in d-« coil design 
sign example the 
tion is unequal in the radial and the 
longitudinal directions 

The nomogram, or colinear diagram, 


in Fig. 1 permits the complete graphi- 


cal calculation of a magnetic coil, wound 
with paper between layers, by the ap- 
plication of five index lines. Each line 
is drawn between two scales at assumed 
values of the coil dimensions. Then the 
intersection with a third scale located 
midway between them gives the result 
solution of the 
which the 
Three separate independent in- 
dex lines are drawn: and from the inter- 
sections on the 
fourth index is drawn, from which is 
drawn a fifth to the first line. The scales 
are logarithmic. 


desired: namely, the 


equation for scales are 


drawn 


second and third, a 


The use of the nomo- 


AWG 
gage 4 


peered pennsays 
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Fig. 1—Nomogram for d-c magnet coil design. 
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gram is most easily explained by ou 
lining, step by step, its application t 
a typical example. 

Example of Coil Design. Assume a co 
AWG 31 


mils) 


wound with 


enameled wir 
(7 


9.7 cir 
follows: 
Mean diameter of coil M 


Insulated Diameter of 
0.0097 in. 


having dimensions ¢@ 


1% in. 
wire d 


Thickness of paper beiween layers 
0.0015 in 

Thickness of winding T 0.376 i 

Length of coil (copper only) L 


» 16 In, 


gq a@tp 


pemnensarelpencaned 


+ 2 
} 
} + 
2 } ¢ i 
t 
{ e 
+ 
? > 
2 t 
c | | 
| + £ 
+ $ . 
£ ] } 
/ } 
- | T 
- | t—4 
} oe ok 
+ 
¢ } 
1 
} 3 ° 
+? 
4 
} } 
— 
| + 
| + 
+ aw T 
> 
» | <4 
‘ T t 
2 | t 
a + + 
| S 
+ + 
+ T 
] 
+ + 
1 } 
i 
t + 
} 
} ; 
+ ; 
} 
+ t : 
} + a 
| I 
+ 
+ 
1 
t 
d = Inside diameter of 
M AA r T190 Meter + 
i = Thich f wir 
M+T7=0D0 M-—T 


by out- Find the resistance of coil (R) thickness usual with wire of the various The length of the coil L includes the 


ation to Referring to Fig. 1: AWG gage numbers: copper only, but there is generally a 
Index line 1-2 gives 0.043 ohms re- margin of paper or other insulation at 
me a coil sistance of mean turn, 7; Insulation each end as follows: 
ed wire Index line 3-4 gives 33 layers, 1 thickness Men 
sions as Index line 5-6 gives 9600 total turns, AWG No. (in. ) AWG N ihe 
\ 17 up 0.005 wo of. 
1% in. Index line 9-10 gives 400 ohms coil 18-23 0.003 ar ie 
d resistance R at intersection point 94-27 0.002 ripe e 
rz. 98-29 0.0015 c 
layers p The nomogram gives values for all 30-37 0.0010 In Fig. la ction view of the coil, 
coils with mean diameters between ™% 58.40 0.00075 d is the inside diameter. D is the out- 
0.376 in. and 3'2 in. length of “% to 6 in., and le diameter d other symbols are as 
y) 2 wire sizes 20 to 40 inclusive. The fol- It is well to add 10 per cent to the paper previously explained. Then M + 7 
lowing table gives the paper (or cotton) thickness to allow for overlapping. D, ar Vf 7 a Fig ire lb shows 
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Fig. 4—Eff 


that successive turns of the same layer 
do not touch each other, but that the 
center distance is equal to the insulated 
diameter of the wire divided by a factor 
which, for the nomogram, is taken as 
0.9 
what and for more accurate calculations 
may be taken from the following table: 


However, this factor varies some- 


AWG No. Factor 
23 up 0.95 
24-29 0.93 
30-37 0.92 
38-40 0.90 
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If 10.4 is the resistance per mil-ft of 


copper wire at 20 C, then it can be 


easily shown that r, = 2.72 M/a. Also 
the number of layers / T/(d; + p), 


where d; + p is the insulated diameter 
of the wire plus the thickness of the 


paper 
per 


In addition 0.9 L/d, n turns 
layer. Therefore, since the resist- 


ance of the coil is equal to the resist- 


ance IT, 


of the mean turn times the num- 


ber of layers /, times the turns per layer 


n, 


R 


then: 


979 


M/a X T/(d,;+ p) X 0.9L/d,; 


The product of the last two factors in 


the equation is JV, the total turns. Figu 
1 is the combination nomogram for tl 
equation. 

Determination of Wire Size. In t 
example given, certain dimensions 
the coil the resi 
ance graphically. On 1 


were assumed and 


was found 
other hand, it is often necessary to « 
the 


resistance with a coil of predetermi: 


termine size of wire for a gi 


physical dimensions. It would ordinar 


be necessary to assume a certain w 
size, figure the coil resistance, and 


peat the process an indefinite num! 
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—Chart of relationships between resistance, power, voltage, turns, and ampere-turns. 





.4—Effective per cent of copper in a typical coil. 


s. Figure 
n for this 


>». In the 
nsions of 
he resist 
On the 
ry to de- 
a giver 
termined 
yrdinarily 
tain wire 
and re- 
number 


ng Co. 


of times until the desired resistance is 


obtained. Figure 2, the approximation 


nomogram, obviates the necessity for 
making more than one assumption by 
giving the number of sizes larger or 
smaller than assumed in order to yield 
the desired 


suppose a coil of certain specified dimen- 


resistance. For instance, 
must have a resistance of 500 
If it is assumed that AWG 32 wire 
will be used, it can be determined from 


sions 


ohms 


Fig. 1 that the resistance, for the pre- 
scribed dimensions, will be 3000. There- 


fore, using Fig. 2, an index line is drawn 


from 3000 on the calculated resistance 
line (R,) to a definite point (4 in this 
Case on the wire size scale so that it 


crosses the R,, scale as close as possible 
In this 
case the index line crosses the R, 


to the desired resistance of 500 
scale 
at 450. The coil is then refigured using 
a wire four sizes larger (No. 28). The 
redesigned coil turns out to have a re- 
sistance of 442 ohms, which is as close 
to 500 as can be obtained with the pre- 
s¢ ribed dimensions. 

Figure 3 is a chart giving the rela- 
tionship between five different variables. 
Knowing any three, the chart can be 
used to determine the other. For in- 
assuming that the coil in the 
first example, with 9600 turns and 400 


stance, 


ohms, will dissipate 20 watts, an index 
line can be drawn between the resistance 
scale and the watts scale to determine 
the applicable voltage (90 in this case). 

Now, using a pair of right-angled 
index lines drawn on transparent paper, 
pass one of the lines through 400 on 


the R scale and 90 on the e scale, and 


‘ 
I 9 
+ 70¢ 
4 
+ ac 
} 
+— 30 
+ 
9 
20 
Tse 
2 +1C¢ 
- Tt 
oO T 7, 
a 
+ a 
St 2 5G 
Se Tae 
t+- 40 
> a 
| 
41_9¢ 
+ 
| 
+-4 
} 
} 
| ys. 
at the same time pass the other through 
point 9600 on the NV scale. The second 
line will then intersect, as shown, at 
Vi 2100, the ampere-turns. 
If all of the rectangular section of 
winding space of a magnet coil were 
wound with bare copper wire with all 


rt 


] 


turns touchi the coil would have the 









maximum Jf number of turns. 
The effectiveness of winding, », would 
then be 100 per cent. Since the wire is 


insulated between layers and the adja- 
nt 


of copper is accordingly reduced. The 


cent turns do not touch, the per ¢ 





curve in Fig. 4 shows the effective per 


cent of 


a coil with enameled 
wire, with 0.0015 in. of 


copper in 
insulation on 
paper between layers, and with a spac- 
centers of 


ing between adjacent wire 


one layer of d./0.9. Sizes from 20 to 
144 AWG are shown. The equation for 
0.9d,2/d d. +p 


in which the d, is the 


this curve is ”) 
diameter of the 
From this, No. 40 wire. 
enamel-coating insulation, will 
utilize less than 50 per cent of the space 
available. 


bare wire even 


with 
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TRANSISTORIZED 


V.R.P.S.* 


JANUARY 1958 


REGULATION (for line or load) 0.03% 
or 0.003 Volts (whichever is greater) 


RIPPLE | mv. rms 
RECOVERY TIME 50 microseconds 


STABILITY (for 8 hours) 0.03% or 0.003 
Volts (whichever is greater) 


0.005% resolution with 10 turn 
voltage control. 

Continuously variably output voltage 
without switching. 

External overload and short circuit 
protection included. 

Either positive or negative 

can be grounded. 

Units can be series connected. 
Suitable for square wave pulsed loading. 
Power requirements: 105-125 volts, 
50-400 cycle. 

Terminations on front and rear of unit. 
High efficiency. 

Low heat dissipation. 

Compact, light weight. 

Color: grey hammer tone. 

Suitable for bench or rack use. 
Voltmeter and ammeter provided. 


KEPCO OFFERS MORE THAN 


the most complete line 
of POWER SUPPLIES 


Output 
impedance 
Ohms 
DC- |; 1 KC- 
1 KC |100 KC 
_$C-32-05 _ 
80-321 
_$C-32-1.5 _ 
2SC-32-1.5 
DUAL OUTPUT 
8-32-25 | 
SC-32-5 
—SC-32-10 _ 
‘$C-32-15 
2SC-100-0.2 
DUAL OUTPUT 
~§C-150-1 


SC-300-1 








c 


=. LABORATORIES, INC. 


131-38 SANFORD AVENUE © FLUSHING 55, N.Y. 
INDEPENDENCE 1-7000 


120 STANDARD VOLTAGE REGULATED POWER 


SUPPLIES COVERING A WIDE.RANGE OF MAGNETIC, TRANSISTOR AND TUBE 
TYPES. MOST MODELS AVAILABLE FROM STOCK. SEND FOR BROCHURE B-581 


Model 
S$C-32-0.5 
S$C-32-1 
$C-32-1.5 
S$C-32-2.5 
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DESIGN TRENDS 


Molded One-Piece 
Brush Holders 


DESIGN SIMPLIFICATION of 


miniature 
notors can often be achieved through 
the use of molded plastics brush hold- 
ers such as that shown in Fig. 1. The 
one-piece holder. which fits over the 
commutator end of the motor. incor- 
porates brush guides and molded-in 
contact terminals. The compact unit is 
molded by Gaylord Plastics. Inc. from 
Plaskon 440A. an alkyd molding com- 
pound made by Allied Chemical and 
Dve ( orp 

\ wire spring supported by the metal 


terminal makes contact with the brush 


Fig. 2—Approximately 1 in. diam, brush 
holder has molded-in contact terminals 


which also support wire spring. 


Fig. 1 
plastic 5. 


One-piece brush holder for 


124 


and also maintains the necessary pres- 
sure on the brush to press it against 
(Fig. 2) The brush 


holder, designed to take advantage of 


the commutator. 


alkyd’s insulating properties as well as 
its structural strength and dimensional 
stability, replaces a combination of 
materials and parts, thus simplifying a 
formerly time-consuming assembly. The 
molding compound chosen for this ap- 
plication has an impact strength of 
notch, Izod. It is 


further characterized by improved are 


over 8 ft-lb per in. 


resistance and is self-extinguishing. 


Food Waste Liquefier 
Uses Sound-Damping 
Fiber-Glass 


\ NEW LARGE sIzk household food 
waste liquefier. one of a series made 
by Waste King Corporation. Los An 
geles, California, utilizes a polystyrene 
shell lined with '5-in. thick glass fiber 
sponge for damping noises arising from 
The glass fiber 
sponge is actually a die-cut sheet of 
fiber glass batting. folded and then 
inserted between the 
and the 


chamber. 


the liquefving process 


polystyrene shell 
housing of the  liquefying 
Ordinarily there are several sources 


of noise in food waste liquefiers as 
they process solid food waste for liquid 
standard household 


These 


noise are from a '4-hp motor, a turn- 


disposal through 


kitchen plumbing. sources of 


miniature motors is molded of alkyd resin 


table revolving at 1725 rpm receiving 
the waste and hurling it centrifugally 
against the chamber wall. impellers 
mounted on the turntable that force 
waste against a cast steel abrasion ring 
for further shredding. a whirling steel 
turntable to 


clip any surviving stringy material, and 


blade located beneath the 


noises from the water itself as it enters 


polystyrene shell and gla-- fiber lining 


waste liquetier showing 


completely assembled, 


Fig. 2—Cut-eaway view of food waste 


liquefier showing: 1. Polystyrene shell. 
2. Fiber glass batting for sound insulation 


3. Liquefier chamber housing. 
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GUARDIAN 
STEPPERS 


PROGRAMMER 


e reliable 
e rugged 
e long-life 


@® Guardian offers this new, compact, rugged, long-life, highly reliable 
Programming Stepper which meets and exceeds MIL-S 25259 (Proposed). 
Approved and used for control of guided missile and in-flight equipment, it is 
available now for a wide variety of control engineering projects including 
automated production systems, machine tools and industrial products. Use it 
singly, or in combination with Guardian relay matrixes, control banks and in 
complete control assemblies as the “heart’’ of your unit. Open or sealed, it 
operates under extreme temperatures, high altitude and severe vibration or 
shock. Carries 8-12-18 or 24 points sealed or unsealed; up to 16 wafers and 
unlimited switching arrangements. 


MORE POWER is distributed by the unique design of the ratchet mechanism. 
LESS SPACE required to make your product more compact, more efficient. 


Thousands of Variations in Guardian’s Complete Stepper Line 
aa > 


‘ 
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P.E.R. M.E.R. . P.C. S 
ELECTRICAL RESET ELECTRICAL RESET ieiieiaetel ucATinnl M-120 R.A.S. 


CYCLING RATCHET ADD AND SUBTRACT 
TEP! TEPPER 
STEPPER MIDGET STEPPE STEPPER MMDOET STEPPER sTeveen 


Write tor details on Guardian's Programmer and for Stepper Bulletin P-84 


GUARDIAN eo ELECTRIC 


MAN UPA CTU RING Cc Oo MP AcN ¥ 
1627-A W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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DESIGN TRENDS 


the unit, is forced around the chamber 
and leaves through the outlet. 

Better balancing of all moving parts, 
placement of special rubber cushions 
at all metal pipe connections, and sus- 
pension of the entire unit on rubber 
shock mounts have been an important 
factor vibration 
noise. However, the greatest factor in 


in cutting down on 


this application of noise reduction is 
accounted for by the polystyrene case, 
with its layer of sound-damping glass 
fiber, enclosing the entire unit. These 
air-borne noises, transmitted in a fre- 
quency range of 1000 to 6000 eycles, 
have been reduced 10-15 decibels over 
models without this sound-damping de- 


Silicon Rectifiers 
for Precipitator 
Power Supplies 


R. E. WILLISON 
RESEARCH-COTTRELL, IN¢ 
Bound Brook, N. J 


OPERATING EFFICIENCIES of electro- 


static precipitators, widely used to 
clean process and exhaust gases, are 
to a great extent dependent on their 
power supplies. The basic elements of 
the power supply equipment are a 
control unit, a high-voltage transformer, 
and a rectifier. Of the three elements. 
the best area for improvement in re 
cent years has been in the rectifier. 
General requirements for precipitator 
rectifying equipment are adequate volt 
age and current capacities, reliability 
long life, and the ability to operate 
with heavy interelectrode sparking. 
The last qualification is important be- 
cause some sparking between the elec- 
trodes is generally desirable in most in 
stallations. 

(n electrostatic precipitator consists 
basically of two electrodes: a discharge 
electrode and a collecting electrode. 
The former usually is made of wires 
or small rods insulated from ground 
and supported between collecting elec- 
trodes which are large surface areas 
solidly grounded. The discharge elec- 
trodes are negatively charged at 15, 
000 to 100.000 volts or more. The elec- 
trostatic field produced 


two electrodes negatively charges the 


between the 


smoke 
passing through it. These charged par- 
ticles are then attracted to the collect- 


solid particles in the gas or 


ing electrode where they give up their 


i26 
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Fig. 1—Silicon diodes are connected in 
series, mounted on frame, and immersed 
in oil along with high-voltage transformer. 


charge and are removed to collecting 
hoppers for disposal. 

For many years the mechanical rec- 
tifier was considered the most eco 
nomical and dependable rectifier for 
electrostatic precipitator power supply. 
However. during the last eleven years 
when electron tube life has been 


markedly extended, the tube rectifier 


QQQRQ) 


AA 


(Q2000 
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has gained in popularity because of its 
many inherent advantages, such as high 
eficiency, simplicity of construction 
and operation, lack of toxic gases and 
radio interference, and ease of main- 
tenance. The tube rectifier is now being 
specified on practically all new instal- 
lations. The tubes used in these recti 
fiers have a life expectancy of about 
20,000 hr. 

Selenium rectifiers have found wide 
use in European precipitator applica- 
tions for a number of years; however, 
there are relatively few of this type 
currently in use in this country. 

Research-Cottrell began investigating 
the use of silicon rectifiers for electro- 
1955. A com- 


parison of the physical factors of elec 


static precipitators in 


tron tube and silicon rectifiers is given 
in Table I. The information for the 
comparison was obtained from an 
actual installation consisting of six 
outdoor 15-kva, 50-kv 


rectifier units supplying power to a pre- 


transformer- 


cipitator to remove fly ash from the 
flue gas of a pulverized-coal-fired boiler 
Five of the rectifiers used were of the 
conventional vacuum-tube type while 
the sixth utilized silicon diodes. The 
silicon unit consisted of a number of 
individual cells 


mounted on a framework and immersed 


connected in_ series, 


Fig. 2—Schematic wiring diagram of silicon rectifier and transformer for electrostatic 
precipitator application. Rated output of rectifier is 700 kv peak at 500 ma. 


Table |—Comparison of Physical Factors of Electron Tube and Silicon 


Rectifiers 


Factor 


Efficiency including 
transformer 


80 per cent 


Service life 2 years, approx. 


Maintenance 


required placement 


Protection required 
Shock resistance 
tive enclosure 


Control equipment 
required 


Tube Rectifier 


Periodic cleaning and re- 
Separate enclosure 
Fragile. Requires protec- 


Complex. Filament supply 


Silicon Rectifier 
95 per cent 
10 years minimum. Expected to 
be indefinitely long. 
None 
Can be immersed in tank with 
transfor rer winding. 


Unaffected by 
shock. 


vibration and 


Simple. No f.lament supply. 
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When You Need 
Reliable Contr 
of Thermal Operatig: 


you need [ | 


moncur4 “T-oroury rolloy.-’ 


Match these Adlake abilities against your needs: 


e Perfect function under vibration 

e Perfect snap-action. No pitting, burning, sticking 

e No dust, dirt or moisture intrusion—hermetically factory-sealed 
e Time delay characteristics fixed, unchangeable. 

e Quiet. Chatterless. Require no maintenance whatever. 

Our engineers will be happy to help you solve your control 
problem. No obligation. Just write THE ADAMS & WESTLAKE 
Company, 1168 North Michigan, Elkhart, Indiana. Original 
and largest manufacturers of plunger-type relays. 


JANUARY 1958 Circle 143 on page 





DESIGN TRENDS 


Fluorescent Lighting Table Lamps for Home Use 


DECORATIVE FLUORESCENT TABLE LIGHTING UNITS have been designed for home use 
in oil with the transformer. (Fig. 1 by Atlas Lighting Division of Thorn Electrical Industries, Ltd.. London, England 


\ schematic diagram of the circuit 


used is shown in Fig. 2. This unit has 
been in 


operation approximately a 


year; and at the present level of opera a remote 
mounted 


tion, the effect on immersion oil tem- 
perature has been negligible and the 
rectifier operates with a circuit effi 
iency of approximately 96 per cent. 

Table IL is a comparison of char 
acteristics of selenium and _ silicon 
rectifiers. It can be seen that the silicon 
units are substantially smaller, can be 
hermetically sealed. and allow greater 
circuit efficiency. Silicon cells are now 
Leing designed to operate as high as 
600 volts. Silicon cell current capacity 
is more than twice that of either selen- 
ium or tubes. and forward aging is 
negligible. The resultant minimized 
power losses and heat dissipation en- 
able a compact rectifier design. 

\ recent installation of a silicon 
rectifier unit supplies power to a pre- 
cipitator designed to clean coke-oven 
gas with an efficiency of 97.5 per cent. 
(nother application, for use in remov- 
ing fly ash, will supply power to pre- 
cipitators cleaning a total of over 
1.200.000 cfm of flue gas at 275 F with 


96.5 per cent efficiency. 


Fig. 


Table !I—Comparison of Technical Factors for Selenium and Silicon 


Factor Selenium 


Peak inverse voltage per cell 63 
(commercial types) 


Efficiency (single phase recti- 


74 to 84 per cent 
fier circuits on 60 cps 


Temperature 
quires derating 


Average current density 0.3 amp in.? 


Relative current density 
Relative size 
Relative inverse leakage cur- 
rent 
Surge current 

time 


Aging effect Strong 


Series stacking for high-volt- Yes 
age application 


Suitable for oil immersion Yes (not askarel) 


Hermetic sealing construction 
done at extra cost 


Service life 


Each lamp contains two 2-ft. 


85 C maximum re- 


Maximum of 10 times 
rated depending on 


Generally not, can be 


8-10 years minimum 


of decorative designs of translucent plastics materials 


control in some models. 


in the lamp base. 


Fluorescent table lamp 
separate starting control gear. 


Silicon 


300-400 

Up to 99 per cent 
150 C (common 

Maximum 1300 amp 

in.? 

4300 


1 50 to 1 70 
1 20 


Maximum of 20 times 
rated for 0.5 sec 


Negligible 


Yes 


Yes any type of oil 


Standard procedure in 
manufacture 


Minimum of 10 years 
expected 


10 watt lighting tubes and is shaded by a variety 


\ quick starting control 


gear, housed in a separate unit connected in series with the lamp. can be used as 


Other models have the control mechanisn 


with Fig. 2—Fluorescent table lamp shown in 


decorative setting with control gear 


hidden. 


Rectifiers 


Remarks 


Developments in progress on 75- to 100-volt 
selenium cells and 600- to 1000-volt silicon cells. 


Silicon is comparable to tube rectifiers. 
Silicon properties very stable with temperature: 
selenium unstable. 


Current is d-c value. 


Comparable unit ratings, low voltage rectifiers. 
Basis: Magnetic amplifier or high quality selenium 
rectifiers. In general, leakage can be neglected in 
silicon rectifier circuit design. 


Current limiting required in external circuit. 


Forward voltage drop in selenium may increase 
50% between 10,00) and 50,000 hr life. 


Use of 2-watt resistors across cells recommended 
with silicon for certain applications, by at least one 
manufacturer. 

Silicon can be used in askarels. 

Silicon cells have environmental protection. 


Actual service life of silicon unknown as yet; 
application is too new. (See Table 1). 
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Engineered by Tinnerman... 


Pea-size SPEED CLIP® 


Saves space in missile, 


makes servicing of transistors easier 


Tiny transistors that trigger the controls on a mis- 
sile or supervise the sequencing on a jet engine are 
now plugged into pea-size Tinnerman SPEED CLIPs. 

A thumb-push locks these front-mounting 
tubular SPEED CLIps into punched holes in circuit 
panels. There’s no soldering or riveting, no need 
for special tools. Spring-steel fingers hold tight; 
assure a vibration-free assembly. The fully encaged 
transistor is provided with excellent heat dissipa- 
tion and can be readily removed for servicing. The 
SpEED CLips can be reused over and over again. 


Tinnerman Sperep Nut’ Brand Fasteners can 
save time and money on your production line, 
too, whether you require a specially engineered 
fastener or select one of the 9000 variations of 
existing designs. SPEED NuTS are easy to use, 
can be applied quickly anywhere along your 
production line, assuring quality, vibration-proof 
attachments at low cost. 

Discuss your fastening needs with your 
Tinnerman representative .. . he’ll have Sprep 


Circle 144 on page 17 


Nut ideas to help you make an even better prod- 
uct, at lower cost. You'll find him listed in all 
major telephone directories. Or write to: 


TINNERM™MAN 
Dept.12 «+ 


PRODUCTS, 
P.O.Box 6688 °+ 


inc. 
Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerecessories Ltd, Treforest, Wales. FRANCE: Simmonds $.A,3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane-Bundy Gabll, Reidelberg, 
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A staff compilation of the latest developments 
design-in use in electrically operated end products 


Components 
aterials 


. . screened for 
. complete 


with all released specifications and available application data. 





RELIABLE RELAY FOR 
MISSILE APPLICATIONS 


Featuring contact reliability. the FC-6 
relays are available for ambient tem- 
peratures of 85 C and 125 C. Operating 
characteristics such as the ability to 
withstand 30 g vibration at 2000 cy- 
cles, 50 g shock minimum without con- 
tact opening and 2000 ft-lb shock with- 
out contact transfer typify performance 





that meets or 


exceeds the 


operating 
and environmental 
MIL-R-5757C and 
fications. 

High 


tained. 


requirements = of 


MIL-R-25018 speci 


contact 
Contact 
(less than 250 psec) : 


pressures are main 


bounce is negligible 
there is plenty 
entire 


of contact over-travel, and the 


design eliminates internal materials 
which might become gaseous at ele- 
vated temperatures and interfere with 
proper contact operagion. 

Throughout, the E26 felays incor 
porate safety factors that make them 


well-suited for difficult missile and re 
lated applications, even in low-energy 
circuits. 

The relays operate on a nomial 
voltage of 26.5 volts d-c. They . 
justed to pick up under 18 volts d-c at 
any ambient with the coil hot. Stru 
thers-Dunn, Inc., Pitman. N. J. 


Circle No. 501, Reader Inquiry Service Cards 
on page 17 
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4-WATT DIFFUSED-BASE 
SILICON TRANSISTORS 


These two transistors feature 4 watts 
at 25 C case temperature and 1] watt at 
150 € 
ratings. 


case temperature dissipation 
These high dissipation, high 
temperature ratings are a built-in safety 
factor for 
circuitry. 

Both n-p-n transistors feature a type 
ical saturation resistance of only 20 


designers of lower power 


ohms at 25 C, plus an operating range 
of 65 C to +200 C, and they are 
temperature stabilized at 215 C. They 
are well-adapted to high temperature 
switching applications because of the 
high peak currents resulting from the 
1 watt 150 C dissipation and 20-ohm 
saturation ratings 
The transistors are encased in short. 
round-welded packages and differ from 
each other only in collector-to-base 
and collector-to-emitter voltage ratings. 
The 2N497 is a 60-volt 


use with 28-volt 


transistor for 
power supplies em- 
ployed in military aircraft. The 2N498 
is a 100-volt device for use in higher 
voltage applications such as servo am- 
plifiers and regulated 


power supplies 


for missile applications. Other features 
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include an 800 mw free air temperature 
rating, an 8-volt minimum emitter-to- 
base rating and a typical static for- 
ward current transfer ratio of 20. 
Texas Instruments, Inc., P. O. Box 312. 
Dallas, Tex. 


Circle No. 502, Reader Inquiry Service Cards 
on page 17 


PRINTED CIRCUIT ROTARY 
SWITCHES 


Plug-in printed circuit rotary switches 
for audio and r-f applications are said 
to have industrial potential in 
puters, test instruments, and 


com- 
other 
electronic circuits requiring multiple 
switching. Designed for i 
stallation on printed 
mounting is no 


plug-in in- 
circuit boards. 
difficult 
capacitor. 
Consisting of a standard rotor and 
XXXP phenolic wafers, these switches 


differ from conventional rotary switches 


more than 


mounting a resistor or 





in that they eliminate manual wiring 
and soldering to each individual con- 
tact terminal. This is achieved by us- 
ing etched foil on the wafers to con- 
nect the terminal prongs 
on the base of each wafer. Since the 


contacts to 


contacts are the same as those on con 


ventional switches, they may be used 


in any applications where rotary 
switching is required. Installing is as 
simple as plugging in a tube. and 
dip-soldering of a 
board establishes all 


tions in one 


printed circuit 


switch connec 
process. 
The switches can be supplied in 


either 8 or 12-position types, in single 


or ganged assemblies to meet specifi 
requirements. Knight Electronics Corp.. 
210 S. Desplaines St.. Chicago 6, DL 


Circle No. 503, Reader Inquiry Service Cards 
on page 17 


TOTALLY-PROTECTED SERIES 
“DD” A-C MOTORS 

This is a line of 
Series “D™ a-c motors in the new, large 
NEMA 364U through 4451 


Foot-mounted and footless 


totally-protec ted. 


frame 
horizontal 
models in the 360 frame ‘diameter are 
stocked in all standard 
protected : totally enclosed: fan-cooled: 


enclosures 


corrosion-prooft : and explosion proof 
for operation on 208 through 550-volt in 
plant alternating current. 

The protected enclosure, with a 40 
C temperature rise, is designed for 
applications which formerly called for 
splash-proof The 


motors. corrosion- 
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Want to Cut Contact Costs P 





Mave you have been overlooking 
some important savings that could be 
made in the electrical contacts you use 
in your products. Mallory has been help- 
ing design engineers uncover new sources 
of cost reduction through Contact Engi- 
neering Service. To give you some 
thought-starters on the subject, we've 
collected a number of actual case histories 
and put them in a convenient booklet. 


In the reported savings on contacts for 
products ranging from magnetos to cir- 
cuit breakers, we’re sure you'll find 
ideas that are closely related to your 
own applications. 


And we’re sure, too, that we can do the 
same for you... by putting our long 
experience to work for you in engineering 
contacts, selecting the right Mallory 
alloy, and coordinating design of com- 
plete contact assemblies. 





Write for a copy of this booklet . . . and 
call on us for a consultation on the cost- 
cutting possibilities of your particular 
contact problem. 


Expect more...get more from 


4 Y & CO. Inc. 
Serving Industry with These Products: LAA 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators A ; i O R 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts « Special Metals * Welding Materials 





. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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put #f¥E/NZE in your designs 


NEW... 
BLOWER- 
HEATERS 





Heinze 
Combination Units are ideal for 
warming and drying in such 
applications as hot food vending 
machines, photographic dryers, 


new Blower-Heater 


food warmers. Blower is de- 
signed for continuous operation. 
Heater can be thermostatically 
controlled through separate 
terminals. 


Motor operates on 110 V, 60 
cycles. Type DS delivers 55 cfm 
(free air) at 3000 rpm. Type 
YSS delivers 50 cfm (free air) at 
1500 rpm. Heaters are available 
from 200 to 1000 watts, single 
phase. Coiled wire heating ele- 
ment is well insulated to protect 
outer wall. Choice of mountings 
includes outlet or inlet, flat 
strap, or “L” shaped brackets. 


Send coupon for 
complete technical data. 


ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 


HEINZE ELECTRIC COMPANY 
685 Lawrence Street, Lowell, Mass. 


Please send me literature and price informa- 
tion on Heinze Blower-Heater Combination 
Units. 


Name & Title. . 
Company 
Street & No. 
City & State.. 
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proof motor has all cast-iron construc 


tion. self-cleaning ribbed frame. cor- 
rosion-proof cast-iron fan. a shaft 
slinger to prevent the entry of foreign 


watertight 
conduit box and hexhead bolts through- 
out tor 


particles along the shaft. a 


simple disassembly. 


P.4 
Pm 
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“Metermatic” 


metered flow of 


lubrication gives a 


lubricant to the bear- 


ings as needed to eliminate over-greas- 
ing OF under-greasing. \utomatic 


viease 


relief and elimination of 
“churning” 


lubri- 


cant de« rease 


bearing 
strain, insuring longer bearing life. The 
insulation provides Mylar slot 


cells, molded 


slot sticks. glass sleeving. polymerizing 


svstem 


glass phase insulation. 
varnish, and acid-resistant red glyptol 
finishing enamel. 

gasket with 
indexes 


{neoprene 
knobs 


motor 


enlarged 
firmly 
protection and 
they enter the 
Electric and 
Euclid Ave., 


pressure 
holds 


easy 


and 
leads for 
identification as 
conduit Reliance 
Co.. 24701 
Ohio. 


504, Reader Inquiry Service Cards 
on page 17 


box. 
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MINIATURE RELAY 


FEATURES DUAL HERMETIC 
SEALING 


The “Seal-Temp” MH miniature high- 
temperature telephone-type relay fea- 
tures a dual hermetic seal; the relay 
coil is sealed separately before sealing 
the entire relay. By hermetically seal- 
ing off the coil from the contact cham- 
ber. most 


organk contaminants are 


eliminated from the This 


contacts. 





increases reliability 
135 C 
sing of the organic coil materials may 
impair contact 

The relay has a 
ot 65 C to 


mately 


espec ially in the 


ambient range. where out-gas- 
efficiency. 

temperature 
AER 


5 oz, and is 


range 
weighs approxi- 


1-945 in. high by 


l-'!45 in. deep by 1 in. wide. It op 


erates under 30 g shock and vibrations 


of 10 @ from 55 to 500 « ps Coil powel 
requirements range from LOO mw_= per 
movable arm to 4 watts maximum at 
25 C (200 mw minimum to meet mani 
mum shock and vibration specthea 
tions Switching arrangements up 


1PDT are 
Electrical characteristics are: coil 
110 volts (d-« 


possible 


available tor voltages to 


only). 22.000 ohms maximum resist 
ance: contacts—!.¢ in. diam silver, rated 
at 5 amp. 115 volts a-c resistive. Gold 
alloy or palladium contacts on single 
or bifurcated contact arms are avail 


able for dry circuit switching 
Spec ial design features include: tab 
ricated coil provides 


Teflon 


in confined coil area: coil can is spe 


more ampere 


turns of insulated magnet wire 
cially shaped to save space and weight 
Potter & Brumfield. Ine.. 
Ind. 


Circle No 


Princeton. 
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CLASS F INSULATING 
VARNISH 


Class F insulating varnish is designed 
to meet high temperature requirements. 
155 C at low cost. The varnish may be 
cured at temperatures as low as 125 C. 
making it 


adaptable to almost any 


manufacturing process. 
The 


type varnish cures to a tough, flexible 


specially-modified. — polyester- 
film with good adhesive and electrical 
properties and resistance to oil. mois- 
acid. It 
materials 


ture and is compatible with 


most found in” electrical 
equipment and is supplied in a solvent 
that will not cause excessive swelling 
of most types of silicone rubber leads 


Typical applications include treating 


of transformers. magnet coils. stators. 
low-speed armatures. field coils. bare 
copper coils and other uses under 
elevated temperatures where high 


bending strength is not a prime con 


sideration. General Electric Co... Sche 
nectady 5. N. Y. 
Circle No. 506, Reader Inquiry Service Cards 
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HERMETICALLY SEALED 
REMOTE SWITCHING DEVICE 
Type SWM-9610-04 is a 10-PDT 


metically self-stepping 


her- 
-ealed remote 
-witching mechanism capable of ele« 
trically opening or closing and manu- 
ally opening with a_ low 
ot 0.1 


at approximately 6 volts d- 


contact 


resistance ohms max at 300 ma 
constant 
throughout life. 

The 
10.000 
1000 


indication 


unit has a minimum life. of 


eveles and 
Visual 


open or 


positive electrical 


positive manual cycles. 


instantly shows 


closed switch position. Contacts are 


capable of carrying 15 amp with a 


ELECTRICAL MANUFACTURING 
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When you need HEAVY DUTY RESISTORS 
insist on the finest... 
insist on Cutler-Hammer 


| ee. 7 : ‘ ; 
ae PUP gall. 


: = Aen ST 
| es ES EE 
og oe me ” | 


ve 
iB 


UE il 
Nae aes 
== MOTOR CONTROL 


Se + y 


1 


osm; 
eo ri Write today for further data on heavy duty 
eo resistors and the Staxrite mounting frame. 

} CUTLER-HAMMER Ince., 1264 St. 
_ ee s Paul Avenue, Milwaukee 1, Wis. Associate: 
o Canadian Cutler-Hammer Ltd., Toronto. 
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CAN HAVE 


PEED 
DETECTION 


AND 


NTROL 
ekage 


Is space a problem—or do 

you require a totally enclosed om 
speed detecting device—or do 
you want to add speed control as 
a safety feature on existing equip- 
ment? Standard housed SYNCRO 
SNAP switches can be your answer 
to such problems as synchronizing 
gear shifting in the head transmis- 
sion of machine tools, controlling 
multiple functions on diesel engines 
including overspeed and under- 
speed protection and starter cut- 
out, overload protection for elec- 
trical and mechanical clutches, as 
well as applications in transfer 
equipment, aircraft and missiles. 


SYNCRO-CASE hous- 
ings available as 
standard with up to 
4 separate speed de- 
tecting switches in 
case sizes of opproxi- 
mately 3”, 4” and 
5," diameters 


SYNCRO PAK housings 
designed for flange 
mounting — furnished 
with internal or exter- 
nal shaft in 3 stand- 
ard sizes 


CUSTOM HOUSINGS 
expand the possibili- 
ties of speed deteciing 
and contro! to include 
even the most compli- 
cated requirements of 
multiple functions and 
circuitry. Also fur- 
nished to the most 
demanding military 
specifications 


Write today for additional information 


TORQ 


ENGINEERED PRODUCTS, Inc. 


34 W. MONROE STREET * BEDFORD, OHIO 
Phone: BEdford 2-4100 


134 Circle 148 on page 17 


make or break capacity of 5 amp 125 
volts. Solenoid current is 4.8 amp +0.5 
amp at 24 volts d-c instantaneous. 
Solenoid circuits may he energized 
indefinitely. The self-stepping unit con 
tains arc suppressors for contact pro 
tection of all stepping circuits. The 
black wrinkle finished cage contains 
nitrogen under a pressure of approxi 
mately one atmosphere. Meets MIL- 
5272, but can be extended to +250 | 
for special applications. The device is 
designed for switching precision 
cuitry. John Oster Manufacturing Co. 
\vionic Div.. 1 Main St., Racine, Wis 
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ELECTRICAL INSULATING 
VARNISH-WIRE ENAMEL 
SYSTEM 


Phis is an electrical insulating varnish 
wire enamel system which will with 
stand hot spot temperatures of 180 ¢ 
vet can be applied and cured at cor 
ventional temperatures. 

The system is made possible by de 
velopment ot a new wire enamel and 
insulating varnish. Designated as Isonel 
No. 175 wire ename! and Isonel No. 3] 
high bonding insulating varnish, they 
are both polyester-type materials, capa 
ble of operation at Class F 
tures of 155 C. Used together. however 
they complement each other and make 


possible sustained operation at 180 ¢ 


tempera 


The varnish is applied by conventional 
techniques and cured at regular tem 
peratures of 290-325 | 

accelerated heat 
tests indicate that 


Results of aging 
twisted pairs of 
magnet wire enameled with Isonel No 
175 enamel, then coated with Isonel 
No. 31 varnish and exposed to Class 
H temperatures of 180 C have a life 
30.000 hours. Tests of 
unvarnished specimens of wire enam 
eled with Isonel No. 175 enamel with 
stand 170 C operation 


expectancy of 


well above the 
155 C temperature requirement of the 
new Class F classification fer insulat- 
ing materials. 

When properly cured. Isonel No. 31 
varnish is 
alkali and moisture. It also is com 


pletely resistant to oil and is. there 


highly resistant to acid. 


fore, recommended for oil-filled trans 
formers. Isonel No. 31 has high ele 
tric strength wet or dry and_ it 
maintains good dielectric properties at 
Class F temperatures of 155 C. Sche 
nectady Varnish Co.. In 
N. ¥ 


Circle No. 508, Reader Inquiry Service Cards 
on page 17 


. Schenectady 


EXPLOSION-PROOF SWITCH 
HAS DOUBLE CONDUIT 
OPENINGS 

The EX-1 
switches feature double conduit open 
ings. They carry full U1 
hazardous 


series of explosion proot 
listings for 
Class | 


vapor) and 


atmospheres of 
(ethyl ether 
Group D (gasoline, petroleum naptha 


Group C 


alcohol. acetone, lacquer 


solvent va 
1] 


Class 

Group E (metal dust), Group F (car 
bon black. coal and coke dust). and 
Group (, 


pors. and natural gas): 


(grain dust). All switches 


have adjustable roller-arm actuators 


with non-sparking rollers. 


luminum alloy hou 

series has ample roon 

ing through both conduit openings 
which can be supplied for use wit! 
ither 4% in. or *%4 in. diam conduit 
[wo 10-32 NF tapped mounting hole- 
on the top. side and bottom of the 
switch housing permit direct mounting 
ind wiring 
Variations available in the EX-1 
SPST and DPDT contact 


irrangements, 


series are: 
different-size conduit 
openings, and a wide range of ele 
Micro Switch, Div. of 
Minneapolis-Honeywell Regulator Co 


I reeport, Hl. 
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trical ratings. 


IRON-CHROMIUM- 
ALUMINUM ALLOY 


[ron-chromium-aluminum Alloy 815 has 
been developed for use on moderately 
high temperature resistance heating ap- 
plications such as small appliances. 
and on industrial heating devices 
where continuous operating tempera- 
tures do not exceed 2150 F. 

Alloy 815, is offered as an addition 


to the company’s nickel-chromium re 


ELECTRICAL MANUFACTURING 





ickelectric News 


DEVELOPMENTS 


New, featherweight American Beauty 
oldering iron, the T-12, simplifies pre- 
cision soldering of tiny, hard-to-get-at 
assemblies. 


New soldering iron 


is light and small 


DETROIT, MICH. — Designers at 
American Electrical Heater Company 
have come up with a new soldering 
iron for precision work — the T-12. 
To make it light and maneuverable, 
to give it dependability, they took 
two steps. First, they made the 
transformer to plug right into the 
outlet, out of the way. Second, they 
took advantage of the thermal prop- 
erties of three nickel alloys. 

Commercially pure “A” Nickel 
gives the center conductor good 
high temperature electrical proper- 
ties while retaining its excellent 
strength. Nichrome® nickel-chromi- 
im alloy inhibits corrosion and oxi- 
dation of the heating element. The 
slow heat transfer characteristics of 
nickel-containing Type 302 stainless 
steel help keep handle cool and per- 
mit a short easy-to-use barrel. 

For more information on Electronic 

Grade ‘‘A’’ Nickel Circle 154 

on page 17. 
mark of the Driver 


IN NICKEL 


AND NICKE ALLOYS 


AND 


THEIR APPLIC wtions ZY, 


Free-machining' Monel permits 
screw machine production of 


bearings for 


MILWAUKEE, WIS. — The excel- 
lent machinability of “R’’ Monel 
free-machining nickel-copper alloy 
was put to good use recently by 
Centralab, division of Globe Union, 
Inc. This company turns out a mul- 


For more information on ‘‘R’’ 


Cycle life and to spare...in heavy-duty 


For more information on Duranickel Circle 


“R” Monel provides advantages of Monel 
plus extra machinability of its own 


R” Monel alloy is essentially Monel 
nickel-copper alloy modified slightly to 
improve its machinability. As such, it 
provides all the desired properties of 


Monel alloy — corrosion resistance, 
strength, ductility, weldability—with a 
plus. Table shows the machining advan- 
tage gained by using “R” Monel alloy. 


For more information on ‘‘R’’ Monel Circle 152 on page 17. 


Jn 


) \ NY, INC. * 67 Wall Street * New York 5, N.Y. 
INCO_ THE INTERNATIONAL NICKEL COMPA Q 


TRADE maRE 


JANUARY 1958 


For information on other Inco products write. 


“oans’” 
ecane 


switch 


ee rotary power switch, 

>» PA-230, for use in large trans- 
sat as and power suppl ies. As the 
rotational accuracy of this switch 
depends on the smooth operation of 
its bearings, these intricate parts 
see photo) must be resistant both 
to corrosion and wear. But how to 

so tough a metal as was 
indicated ? 

The answer came with “R” Monel 
alloy. Experience with this alloy sug- 
gested using automatic screw ma- 
chines. Now production of the “R” 
Monel bearings and bearing seats is 

ing along. 
that the high these 
parts to corrosion and binding per- 
mits over 30 switching sections to be 
“stacked” successfully. 


Centralab reports 


resistance of 


Monel Circle 152 on page 17. 


spring of new relay 


MANKATO, MINN.—The makers of a 
new wavelength-seeking device asked 
AEMCO, Inc., to design a relay for ser- 
vice in corrosive atmospheres at tem- 
peratures of —55°C ’. For the 

spring, AEMCO de- 
signers decided on a three-lkeaf lami- 
nated construction (see photo) and 
Duranickel* age-hardenable 
nickel for the material. This spring 


now provi 


. to +85°C 


critical return 


chose 


des the cycle life required... 
witha 50,000-cycle safety bonus. Other 
Duranickel springs have survived 100 
million cycles without failure. 


153 on page 17. 


Machining speeds for ‘‘R'’ Monei on automatic 
screw machines with high speed steel tools! 
Surface speed Feed 


NCO, 


AOE mARE 


135 





_ What's your need 
for heat? 


Whatever your heating job may be, you'll find 
the efficient, economical answer in . 


CHROMALOX 
Electric Heaters 


. . for heating platens, dies, molds, metal parts 
for heating liquids, air, gases . . . for curing, 
drying, baking . . . for comfort heating in offices 
and factories . . . for special applications . . . in 
fact for any application requiring fast, low-cost, 
controlled heat up to 1100°F. 


IMMEDIATE DELIVERY 


from the world’s largest factory stock of industrial 
electric heaters . . . over 15,000 types, sizes 
and ratings. 


Let the Chromalox Sales-Engineering staff 
solve your heating problems . . . electrically. 


Write for your copy of Catalog 50 


Contains helpful information on 
design uses, and prices of 
Chromalox Electric heaters, ele- 
ments, thermostats, contactors 
and switches 

To get some interesting facts 
about additional applicatior f 
electric heat, ask for Booklet 
F1550 101 Ways to Apply 
Electric Heat.” 


Edwin L. Wiegand Company 
Thomas Boulevard. Pittsburgh 8. Pe ces 

EDWIN L. WIEGAND COMPANY 

Thomas Boulevard, Pittsburgh 8 


| 

| 

| 

| | would like to have 
| CJA copy of Catalog § 

| ] A copy of “101 Ways” 
| COA Sales-€1 

| 

{ 

| 

| 

| 

| 

| 


neer contact me 


Cc 
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where the 
application requirements can be met 
by the new alloy 


sistance alloys for areas 
which is free of all 
critical raw materials—and where cost 
is a factor. Important properties of 
Alloy 815 include high resistivity (815 
ohms per circular mil foot at 68 F) 
low specific gravity. and high  resist- 
ance to oxidation. 

Other uses include certain “cold” re- 
sistor applications such as defroster 
units. contact switches and rheostats. 
li addition. the ductility of Alloy 815 
makes it 


suitable for heavy relay 


switches and other equipment where 
considerable cold forming is required. 
Hoskins Mfg. Co.. 4445 Lawton Ave.. 
Detroit 8. Mich. 
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ROTARY SWITCH WITH 
ADJUSTABLE STOP 


Rotary switch with adjustable stop is 
designed for flexibility in all types of 


circuit laboratory 


experimentation, 
work. breadboard setups. and in = cir- 


eultry where the 


exact number of 
switch positions might be changed at 
a later date. This unit will have a 


maximum of either 24 positions with 


15 degree spacing or 32 positions with 
ll’, degree spacing. One. 2. 3. and 
}-pole units are available in this desigi 

The switch features: sturdy construc 
contacts and 


knee-action 


tion: large silver-alloy 


slip rings: tamper-proof. 


blades 


machined dielectric: and gold flashed 


silver-alloy rotor accurately 


turret-ty pe terminals for east ot 
soldering 
The switch is constructed to meet 


ind exceed applicable military speci 


fheations o1 hy imid t\ moisture, environ 
ment temperature Ing. contact re 


life. vibration 


Continuous 


je pre name 
vita i 


~ yd 


Vit. Pe 


Reader Inquiry Servic 
on page 17 


MOTOR CONTROL IS UL- 
APPROVED AS 4 HP 
INDUSTRIAL MOTOR STARTER 


An electromagnetic switch actuated by 
a plunger Reloid is now available in a 
special version carrying Underwriters’ 
Laboratories approval marking as a '4 
hp industrial motor starter. 

The totally enclosed device has three 
molded 
AMP on 
Douglas type terminals: coil has two 
AMP terminals. Reloids. 


are available for any voltage from 6 to 


contact leads, plugged with 


bakelite and equipped with 
“oO approved. 


230 volts. 60 eveles a-c. or from 6 to 
110 volts. d-e. 

Contacts are rated up to 8 amp at 
115 volts. non-inductive. Standard con 
tact combination is single pole. either 
closed. 


normally normally 


open or 
double break or make. Unit is space 


2 in. x 1*42 in. x 1%: 


saving (only 


in.) 

The device. with UL approval mark 
ing as a '4y hp industrial motor starter 
is useful for washing machines. drvers 
dish washers, 


refrigerators heating 


units. air conditioners, electric stoves 
and other major appliances: also for 
vending equipment, scoreboards and 
additional applications. Guardian Ele« 
tric Manufacturing Co.. 1621 W. Wal 
nut St.. Chicago 12. III 
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CERAMIC-JACKETED 
CARBON-FILM RESISTORS 


Ceramic-jacketed film resistors called 
Filmistors. are intended for close tol 
erance applications in military, com- 
mercial, and telephone — electronic 
equipment where smal! size and_= sta 
bility of electrical characteristics are 
important 

Type 402E. 403E. and 404E Filmis 
tors are 


furnished in hermetically 


~ealed dense ceramic cases UusSINg Ceé 
solder seals. The ce 
sheds 


water but is vapor resistant as well 


ramic-to-metal 
ramic Filmistor case not only 
Thus. there is minimum possibility of 
field failure through electrolytic actior 
ind penetration of water vapor throug! 


resistor shell. In addition 


the outer 


—* 


—— ) tte 4045 — 





breake! 
low 
amperes 


HEINEMANN Circuit Breakers—complete with your choice of 
inverse time-delay curves or instantaneous trip—are available in current 
ratings as low as 0.010 amperes . . . an important fact to 
remember when considering the protection of sensitive equipment. 
For even at a rating of only 0.010 amperes, HEINEMANN 

Circuit Breakers still provide fastest interruption of short circuits, 
retain their set trip points and carry rated capacity through 

any ambient temperature range, high or low. 

These exclusive HEINEMANN features are yours in any odd 

or fractional current rating you may specify . . . but 

only when you specify HEINEMANN. For complete details, send for 
the Circuit Breaker Engineering Guide, Bulletin 201. 


HEINEMANN ELECTRIC COMPANY / %y%» 7 iT i hy > 
99 Plum Street + Trenton 2, N. J. CULMMM , 7 (477) co te 
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No need to put up with extra costs for special design of 

saturable reactors. No reason for Walting tol special units 

to be designed to meet your individual requirements 

ConTROL offers two complete lines of power reactors 

You pick them from our catalog. We take sub-assemblies 
] 


from our shelves, add control windings to yvout specifica 


tions, and deliver complete units—fast 


CONTROL reactors are ready in eleven sizes in both 120 
and 240 volt ranges. Our unique catalog R-10 gives vou 
complete physical and opel iting characteristics It tells 
you, for instance, that six ampere-turns control nearly 
2,000 watts in the largest size, and that only two ampere 
turns are needed for the 50-watt smallest size, illustrating 


the extremely high gain of these units 


reactor from 50 to 
2000 watts? Put your finger on CON TROL 


Want to know about cut-off ratios: CONTROL reactors 
run at least 40 to |. Want to know about construction: 
Cutaway shows vou the tough, rugged design that insures 
forever” Operation with no servicing or maintenance, 
{ operation is normal 


Yes, there’s a real inprovement here for harassed 
engineering departments Standardization means reli 
ibility and quality at a competitive price. Write for Cata 
log R-10 today and read all about it. CONTROL, Deft 


EM-42, Butler, Pennsylvani 


Reliability begins with CONTROL. 
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KEEP UP-TO-DATE ON MAGNETICS 


a? 


* 4 
P si. y 


Here’s how magnetic amplifier design will be 
affected by tape wound core standardization 


If you design and manufacture magnetic amplifiers, 
you Il welcome news that standard sizes for tape wound 
cores have been proposed by the A .I.E.E.* You are 
going to benefit from a high in consistency of core per- 
formance, brought about by our being able to concen- 
trate on your most Important sizes. Here’s how... 


Magnetics, Inc. is now stocking all of the proposed 
standard core sizes in both aluminum and phenolic 
core boxes for immediate delivery. Consistency of core 
performance is increased because each size is made 
in large lots taken from the same alloy batch and 
dry hydrogen anneal. They all bear our exclusive 
Performance-Guarantee. 


We shall be happy to send size, construction 


magnetic material data upon request. Please writ 


Vagnetics, Inc., De pt. EM-44 Butler, Pa. 


MAGNETICS inc. 


and 


to 
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Sorensen DFCD 250-2AR 
developed for 
Arma Corporation 


",...to enhance reliability..." 


In this B-52 power supply control unit, developed by Sorensen & Company, a 
G-V relay serves as the initial time delay to protect functional thyratron circuitry. 
Another G-V relay recycles the equipment under overload conditions. Sorensen 
states that, ‘‘These G-V units enhance system reliability and extend life of 
thyratron tubes and all other circuitry’ 


In both military and industrial equipment, G-V thermal relays are providing 
long, dependable, proven service in time delay applications, voltage and current 
sensing functions and circuit protection. 


nsive application data 


G-V CONTROLS INC. 
8 Hollywood Plaza, East Orange, N. J. 
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the ceramic provides good physical 
protection against mechanical damage 
during handling or installation. Since 
the case is an insulator, Filmistors may 
be mounted in contact with conducting 
surfaces, thus saving space 

Type 402E. 403E, and 404E Filmis 
tors are rated at 4%. 1, and 2 watts, and 
are designed to meet the performance 
requirements of Military Specification 
MIL-R-10509B. 

The resistance element is made by 
the pyrolytic decomposition of a hy 
drocarbon gas which deposits an ultra 
thin film of pure carbon on a smooth 
ceramic rod. The ends of the rod are 
coated with silver and the element i- 
then spiralled to the desired resistance 
value. Special low-contact resistance, 
low-noise end terminations are pressed 
on and the unit is then sealed in 
the outer ceramic tube by soldering 
Sprague Electric Co.. Marshall St 
North Adams. Mass. 
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METAL NAMEPLATE 
ELIMINATES ALL ADHESIVE 
ACTIVATION 


Only ten seconds are required to apply 
Quik-Plates. a deep-anodized self-bond 
ing metal nameplate that has a_ per 
manent pressure-sensitive adhesive re- 
quiring no activation by water, solvent 
or heat. Simply remove the Blue Streak 
release liner and apply. Made from 


1 


0.004 in. aluminum, the Quik-Plate is 
hacked with Permabond pressure-sensi 
tive adhesive that adheres instantly to 
metal. glass. plastic, wood. paint 
smooth. — flat wrinkled 
surtaces 

Quik-Plates are available 


inge of colors—both glossy 


finish. The legend is imbedded in 


hard. deep-anodized colors t 

i permanent part of the 

nameplate The legend will 1 

peel. crack or crumble off 
Quik-Plates meet military specifi 

tions MIL-N-25076: MIL-P-6906 

Mil | 5272A lor brasiol resist 





because it 


STAYS flexible 


and generators have a lot to 
eS ee eee vibrati 


ion, Zases 


irbon brush 


BH Ex-Flex fiber gl 


Progressive stiffening 1 
As supplementary or prin 
BH Ex-Flex stays flexible fror 


BH Ex-Flex ts 


BENTLEY, HARRIS MANI 


LN 
Barcla 
NSHOHOCKE? { I 


Co 


BENTLEY, HARRIS 


IVAN 7 
SSE 


SLEEVINGS 
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salt spray. humidity. They stay bonded 
to surfaces through a temperature 
range of 62 F to 325 F. W. H. Brady 
Co., 727 W. Glendale Ave... Milwaukee 
9, Wise. 
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POLYPROPYLENE FEATURES 
HIGH TENSILE STRENGTH, 
HEAT RESISTANCE, HARDNESS 


Polypropylene, (Hercules’ “Pro-fax” 


- ) 
Perfect Matin of is now in production in this country 
Made from propylene gas, this plastic 


possesses high tensile strength. hard 


s ness, temperature resistance, stiffness 
earing an 0 ors resilience, and clarity, coupled with 
inertness and water-resistant chara 

m teristics of a hydrocarbon polymer 
in MERKLE-KORFF GEARED MOTORS |" ®*"ss"s 
fax” are high resistance to grease and 
oil, water, and many common acids, 

a 
makes certain you get good electrical properties, and high 
impact strength 

*Pro-fax” can be molded easily ove! 


MORE TORQUE PER POUND | 3"! min 
iti has less shrinkage than 


ditions. and 


i other polyolefin — plastics Cellulose 
AND FER DOLLAR! Produc ts Dept . He re ules Powder Co 
Wilmington 99, Del. 
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GEARS—45 years’ gear reducer experience is your assurance 


of rugged, precision hobbed, heat treated High Effizency spur 


rearing at lowest cost, plus— 

line sick ee re Weight, d dabl haded l COMPALT SYMERONOUS 
— 78 ) utput s e1gh , — as e _ e po e INDUCTION MOTOR 

motors, engineered to produce High Starting Torque, so im- 

portant in successful geared motor design, is an unbeatable Called the 


combination. nous induction motor is built in the 
same NEMA frame size as a standard 


motor of e ju il horsepower The motor 


Synero-Spede, this synchro 


Merkle-Korff gear reducer motors have helped many of 
America’s leaders reduce cost while improving their product 


7 ’ accelerates as an induction motor but 
We can do the same for you : iis 


runs at exact synchronous speed with 
out permanent magnets or d-c excita 
tion involving collector rings and 
hes. wound rotating fields. ete. 


From .4 to 300 inch-pounds ® i brus 
at 800 to 2 RPM ' It is suitable for use on many ap- 


plications requiring constant speed 


Many other speeds and torques 
above and below this range are 
avoilable. P \ can be used for constant speed drives 

in such industries as machine tool, 


with varving load. The Syncro-Spede 


synthetic fiber, plastic, paper, wire 
drawing. glass making and _ printing 
Because of its size it can provide 


Ask for complete f x Ode - precise trequency systems in small 


° e generator ratings. 
information “ , 5 \s a convevor drive. the motor m ikes 
"e wy 


i possible to have an exact constant 
Representatives in Principal Cities 


Tan KOREF 


GEAR COMPANY 


211 N. MORGAN STREET © CHICAGO 7, ILLINOIS © Monroe 6-1901 
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Solve core problems quickly, economicaliy with 


FERRITE COMPONENTS 
by GENERAL CERAMICS 


HUNDREDS OF STANDARD PARTS 
plus CUSTOM DESIGNING TO SPECIFICATIONS 


\\ oie 


STANDARD THREADED STANDARD 
ANTENNA RODS TUNING CORES El CORES 


( 


aoe 


CUP AND TELEVISION RECORDING 
TOROID CORES COMPONENTS HEADS 


Performance proven magnetic ferrites available 


7 for every electronic application 


Computer and 
Automation Systems 


General Ceramics ferrites for television, radio and instrumentaticn offer designers 
Designers! 


and engineers a wide range of economical standard components. All are appli- 
Ferramic memories cation tested for highest efficiency electrically and mechanically. The fact that 
ride w de eae Bag 
provide a new design leading electronic manufacturers specify Ferramics is due to the program of con- 
concept in the area of mes : thas : : : 
computers and automa- tinuing research and equipment modernization by which General Ceramics keeps 
tion. Magnetic memories pace with the industry’s needs as to quality and costs! Bulletins are available; 
combine increased speed, ie Ge al Ce bail i C , K : ee ee ME 
accuracy and reliability write to General Ceramics Corporation, Keasbey, New Je rsey, Vept. 
with light weight, com- 
pact size. Write for 


aoe | GENERAL CERAMICS 
Industrial Ceramics for Industrial Progress... Since 1906 


Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER- 
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICAL STONEWARE 
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speed or adjustable speed system 


t 


no-load to full load conditions with 
ninimum of driving units and controls 


Since this motor is unaflected by volt 


ve fluctuations. is also s 
recision timin i 1 metering out notice 


nd for recording instruments supplied in short 


The Svnero Spede is offered I rat . . it has very go 


to 100 hy , any ‘ ir Fie Say " roperties 


and ean 


mounted. It is de Boots 


vertical mountin 
Reader Inquiry 
on page 7 


mechanical modifications 


meet specif applicatior require 


eae. Sens AH Se SOT E. Steet: i sapvemnent, Grayhill, Is <6) COMPOUNDS FOR SILICONE 
Sidi a . Mgr La Gi | SPONGE COMPONENTS 


Circle No. 516, Reader Inquiry Service Cards a 
pid ia she ‘ ‘V7 ; Oo compounds S|} 


ULTRA-MINIATURE PUSH- 
BUTTON SWITCH EPOXY MOLDING COMPOUND 


Series 39-1 ultra-miniature switch is a Called Tybon 5621-6, epoxy molding meet the requirements 


ike possible tl 
rie rubber spor ut 


close tolerances These 


SPST. momentary contact. normally compound is a. glass-reinforced muir AMS specifications for silicone 


open model. conservatively rated ‘40 ~ eral-filled material designed to meet SE-546 and SE-547 are usable 


amp at 115 volts a-c resistive. Life many electrical, chemical. and physical peratures ranging from 120 


expectancy is rated at 200,000 opera- requirements typical of epoxies used +500 F. They surpass organi 


tions minimum at the rated load. In — in casting. potting, and laminated parts in their resistance to ozone and 

tests it was operated at 1 amp (115 Pybon 5621-6 has the following ad- ering and have = superior 

volts a-c resistive) for over 200.000 vantages: it has good mold release. damping and compression set 
operations with apparently no ap- Mold release agents such as polyethy erties. 

preciable increase in contact resist lene and silicone are not needed SE-546 meets the requirements 
ance and no deterioration of insulation Chrome aluminum or steel molds are AMS 3196 for firm, closed-cell sponge 
resistance satisfactory: cure times range from 3) SE-547 meets the requirements of AM-s 
The switch is 0.250 in. diam. has to 10 minutes at 300 F. depending on 3195 for medium, closed-cell sponge 


an overall length of 0.615 in. with the thickness and size of the part: Both compounds form uniform, unicel 
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ce iriety of shapes whether ex f : s 
led free expansion or mold ey lass 
~iK molded and cured i £ 1 designe 
le operation t I 
| 
| wd electrical. thermal ‘ by s 
roperties permit their use t I 
vl perature environments of ele STR . ell 
d electrical equipment il i housing g 
ny home appliances where they ppeara t permane 
‘ sed tor low pressure seals ind a i pact strength 1 Zid 
¢ orption of sound and sho k 1 ight weigh . 
Because of good performance at both television cabinet 
{ leosw Y > . ary nD an ious os t 
en ad low temperatures, — these lelamination of insulating material is | appliance housings. Uther 
ponges are also used for various types 7a es include switch gear mold 
vossib 
' onl 7” 
eals and gaskets = for iircratt Eshibiti 5 Spaced oo ngs gh voltage dircrait insulatior 
t itis tidal =e = i i ‘ { 
be ee e , . replacements for die < S 
= ind = missile Silicone Pro perature ranges, the material is avail ae ae RS S65 See Chee 
ct Dept General Electric Co ble in 18 x 36 in. sheets ranging iz = "7 , 
ab \ } ! - ts ging in : 
Waterford, N.Y thickne from t ! with ] n molded shapes. Panelvte Div st 
rile Hess TI I ‘ ’ In with or 
a 92 Dini & 
Circle No. 519, Reader Inquiry Service Cards ne Gamay am, ell aiken. Canes Regis Paper Co.. 230 Park Ave.. New 
on page 17 os I , a 3} ] 


range trom 12 in wide to 150 in in 


COPPER-CLAD TEFLON length with thicknesses available from ee ee ee 
SHEET AND TAPE 0.005 to 0.60. The tapes can be had 


on page | 


with 1. 2. or 3 oz copper on one or — ELECTRICAL RESISTANCE 
Copper-clad Teflon sheet and tape for two sides. Fluorecarbon Products Inc. 
ise) in printed circuit) applications Div. of U. S. Gasket Co.. 910 Kaighns ALLOY 
designed to meet the needs where Ave... Camden 1. N. J. Alkrethal 14. a low-cost electrical re- 
printed cireuit material with a low Circle No. 520, Reader Inquiry Service Cards ~istance alloy, has been added to a 
dielectric constant, dissipation factor on page 17 line of resistance and heating element 
nd water absorption is required. Be materials. Designed to cut costs in such 


~ides having all of the properties a-- 





ALKYD MOLDING COMPOUND 


applications as appliance heating ele- 


-ociated with Teflon. this material. STRalkyd combines good surface ments. automotive and machine re- 
under duress, assures a uniform dielec- smoothness, color and gloss, with high sistors. and similar applications. the 
tric constant over a given area and no strength. good electrical properties. material is an iron-chromium-aluminum 














Westinghouse CYPAK 


takes the “mix up” out of cake mix 
storage conveyors 


Chelsea Milling Company, maker of well-known “Jiffy” brand premixed foods, uses 
flexible Cypak* static control to reduce materials-handling costs at its plant in Chelsea, Mich. 
Starting at the mixing and packaging machines, Cypak control memorizes the sequence of 
cartons going to the warehouse . . . maintains carton identification automatically 

. directs storage according to the preselected pattern. In addition, Cypak predetermines 
subsequent delivery to the loading dock. 
Result: substantial savings have been realized through reduced handling and carton breakage. 
For complete information on Cypak, call your Westinghouse representative. Or, write 
Westinghouse Electric Corporation, 3 Gateway Center, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. J-22094 


*Trade-Mark POWER-UP starts with CONTROL 





you caw BE SURE...1F as Westi nghouse 
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Type FC-4 4-pole 
double-throw. 


Type FC-6 6-pole 
double-throw 


These Improved MISSILE RELAYS 


withstand 30G vibration 
at 2,000 cycles 


--.up to 6O0G shock without contact opening 


-»-- and 2,000 tt.-Ibs. shock without 
contact transfer 


Backed by more than ten years of intensive devel- 
opment and refinement, these rugged, precision- 
built Struthers-Dunn FC relays have the high re- 
liability required for missile uses. The outstanding 
characteristics indicated above typify perform- 
ance that meets or exceeds the operational and 
environmental requirements of MIL-R-5757C 
and MIL-R-25018. Thanks to simplified design, 
S-D FC Relays, are priced materially lower than 
other types frequently used to meet these exacting 
specifications. 

MAKERS OF THE 

WORLD'S LARGEST 


ASSORTMENT OF 
RELAY TYPES 


NEW BULLETIN AVAILABLE... 
giving full details and electrical and mechan- 


C/ ical specifications. Ask for FC Relay Bulletin 


* 
STRUTHERS-DUNN, Inc. 


Pitman, N. J. 


Sales Engineering Offices in: Atlanta + Boston + Buffalo « Chicago + Cincinnati 
Cleveland » Dallas » Dayton + Detroit » Kansas City » Los Angeles » Montreal » New 
Orleans + New York » Pittsburgh + St. Louis « San Francisco + Seattle « Toronto 
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alloy which retains strength and_ sta- 
bility at temperatures to 1920 F. 

Melting point of Alkrothal 14 is 
2750 F and resistivity is 750 ohms 
per circular mil foot, measured at 
68 F. 

Available in both wire and ribbon 
in all common sizes, this high-resistant, 
light-weight alloy has a specific gravity 
of 7.28. This weight and _ resistivity 
advantage further increases cost say 
ings by providing more feet per pound 
of alloy. The Kanthal Corp., Amelia 
Place, Stamford, Conn. 


Circle No. 522, Reader Inquiry Service Cards 
on page 17 


PLUG AND JACK 


The jack, (#2265) assures good eles 
trical connections because its gripping 
power is maintained by a= specially- 
designed compression spring used with 
a floating kev. The solder terminal is 
on the under side. and the jack can be 
obtained in shank lengths for panels 


varying trom » to 6 IM. 


TTT 


} 


1 2) 


The plug. (42225) is available with 


either a red or black nylon jacket in 
sulation (or uninsulated, #X2201-2) 
Pin length is approximately , in 
body length *4 in. Mechanical connec 
tion is simple because the plug will 
accept up to #20 size wire which can 
be crimped around the insulation to 
prevent fraying. For a solder conne¢ 
tion, solder can be added through the 
window provided. Cambridge  Ther- 
mionic Corp.. 445 Concord Ave., Cam 
bridge 38. Mass. 


Circle No. 523, Reader Inquiry Service Cards 
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XENON THYRATRON FOR 
INDUSTRIAL APPLICATIONS 


The 7086 is a three-electrode. forced- 
air cooled. xenon thyratron having a 


negative-control characteristic, high 
commutation factor, and relatively 


short deionization time. It is designed 
primarily for use in applications in 
which high peak currents are required, 
such as in welding and in X-ray tube 
operation. It can also be used for grid- 
controlled rectifier or inverter service. 

Capable of withstanding a maximum 
peak forward and inverse voltage of 
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Troubled by equipment wiring problems? 


If so, consider the record being es- 
tablished by Rome Synthinol 901, < 
special 105° PVC compound for wire 
insulation and sheathing. It has 
helped to solve an impressive list of 
difficult wiring problems. 

Developed by Rome Cable’s lab- 
oratory and first introduced in 1949, 
Rome Synthinol 901 has proved by 
test and actual use to be superior to 
conventional PVC compounds in the 
following ways: 


a. Suitable for continuous operation 
at higher temperature (105C 


More stable under severe heat cy- 

cling. 

c. Suitable for continuous immersion 
in hot transformer oil. 

d. Superior resistance to chemicals 
and solvents. 

e. Greater resistance to heat defor- 

mation. 





Graph shows heat deformation vs. tempera- 
ture, and compares Synthinol 901 with con 
ventional PVC compounds. Test run in ac 


cordance with Underwriters Laboratories 


standard procedure, except for temperature. 


The practical value of this com- 
pound can best be illustrated by 
describing a number of actual case 
histories. 


(1) Coil leads. 


Many manufacturers of small coils 
for relays, small transformers, small 
motors, and electronic components 
have tried to use PVC insulated lead 
wires for many years. Typically, 
these leads are crimped or soldered 
to the ends of the coil; and the whole 
coil is then impregnated with var- 
nish or wax and baked as long as 16 
hours at temperatures as high as 
150C. The varnish used may be 
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asphaltic, phenolic, alkyd, etc.; and 
the wax may be paraffin, beeswax, 
carnauba, or another kind. 

PVC insulated lead wires fre- 
quently produced serious produc- 
tion problems because of the insula- 
tion’s tendency to shrink, crack, and 
stiffen during the impregnation and 
subsequent baking period. Synthinol 
901 was substituted in place of the 
ordinary PVC insulation and, after 
nearly eight years of wide usage, not 
a single case of shrinkage, cracking, 
or stiffening of insulation involving 
Synthinol 901 has been brought to 
our attention. 


(2) Oil-filled transformers. 
Transformer engineers have long 
sought a cable construction to re- 
place varnished cambric-insulated 
cable for leads in oil-filled trans- 
formers. These leads connect trans- 
former windings and bushings and 
are constantly immersed in hot oil. 
One transformer manufacturer, en- 
couraged by successful experience 
with Synthinol 901 on other appli- 
cations, undertook a comprehensive 
study of the possible usefulness of 
this insulation in lieu of varnished 
cambric for high-voltage transform- 
er leads. This study extended over a 
several-year period and proved to 
those engineers involved that there 
were at least four reasons for stand- 
ardizing on Synthinol 901 for this 
application: 
a. There was less sludge in the oil 
than when VC insulation was used. 
b. There was no harmful degrada- 
tion of the electrical properties of 
the oil. 
c. Conductors insulated with Syn- 
thinol 901 ran cooler, permitting 
a 7% increase in lead cable cur- 
rent rating. 
d. The use of Synthinol 901 in lieu 
of VC would permit substantial 
dollar savings. 


(3) Oil refinery, industrial and 
chemical plant wiring. 

Plant and oil refinery engineers have 
long used conventional PVC insula- 
tions for plant wiring with good re- 
sults, but too often heat deformation 
problems arose in warm locations. 
Since Rome Synthinol 901’s supe- 
rior deformation resistance sug- 
gested that it might be the answer to 
this problem, it was tried and soon 
became widely used because of its 
much better service record. 

Synthinol 901 also proved to be far 
superior to conventional materials 
for chemical plant wiring where the 
corrosive action of chemicals and 
solvents has always been a tough 
problem. Although polyvinyl! chlo- 
rides as a class have inherently bet- 
ter resistance to chemicals and sol- 
vents than many other materials, 
some engineers desired even further 
improvement. One user decided to 
test a number of samples over a long 
period by immersing them in various 
concentrations of acetone, different 
alkalis, and butyric, propionic, and 
acetic acids. The results of this care- 
ful evaluation showed clearly that, 
when exposed to these chemicals, 
Synthinol 901 would last longer than 
any other PVC tested. 

These case histories describe just 
a few of the applications for which 
Rome’s Synthinol 901 has proved 
especially effective. Perhaps they 
will suggest other applications in 
your own area which might also be 
better handled with Rome Synthinol 
901 instead of a conventional PVC 
compound. If you have a wire or 
cable problem that might be solved 
with Rome Synthinol 901, why don’t 
you get in touch with us? Contact 
your nearest Rome Cable repre- 
sentative for more information—or 
write to Department 323, Rome 
Cable Corporation, Rome, N. Y. 


ROME CABLE 
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chassis- 


roller slides for cabinet or 
rack mounted electronic 


equipment... 


. + + give you complete accessibility and 
faster servicing. The Chassis-Trak “Detent” 
is easy to install, with eight different slide 
lengths, from 10” to 24”. It fits a standard 
17” chassis into a standard 19” panel rack, 
enabling you to cut your engineering costs 
in half by using standard stock racks and 
chassis. 

With Chassis-Trak slides, the chassis 
locks in seven different tilt positions (45°- 
90°-105°) with the touch of a finger... a 
spring mechanism releases the chassis from 
the cabinet for removal. Consider these 
features when you make a slide selection 
for your equipment. 

There is a CHASSIS- 
TRAK in the right size 
and model for your ap- 
plication. Write today for 
complete specifications 
and prices. 


525 South Webster 
Indianapolis, Indiana 


Circle 165 on page 17 


650 volts. the 7086 can deliver a maxi 
mum peak anode current of 400 amp i 
intermittent service or 160 amp un 
continuous service. In a single-phase 
inverse-parallel circuit. two 7086's car 
control a maximum peak a-c output ot 
130 kva in intermittent service or 40 
kva in continuous service. 

The  negative-control characteristic 
of the 7086 is essentially independent 
of ambient temperature over the range 
from 55 to+75. 

Design features include: use ot 
copper grid having high heat condu 
tivity to provide cool operation of the 
grid and resultant reduced grid emis 
sion: a large cup-shaped anode with a 
copper face to provide uniform heat 
distribution over the faced area: and 
heavy copper filament leads and termi 
nals. Electron Tube Div.. Radio Cor 
poration of America. Harrison. N. J 
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HELICAL-GEAR, SPEED- 
REDUCING APPARATUS 


The heart of this gear line is a double 
reduction cage with a fixed 5 to 1 set 
of low-speed gears. Spin-flame heat- 
treated high-speed change gears are 
mounted on rolled spline shafts so that 
they can be mounted or replaced with 
common hand tools. Gears in the triple 
and quadruple reduction sub-assemblie= 


are also spline-mounted. All gears are 
precision ground after hardening and 
meet AGMA = standards for master 
gears. 

A total of seven unit sizes to 30 hp 
are available with ratios of 5 to 1 to 


ELECTRICAL MANUFACTURING 














“Less inspection time, less rewiring, 
when we use Rome’s machine tool wire” 


Snyder Tool & Engineering Co., De- 
troit, Michigan, uses Rome’s machine 


tool wire because it keeps wiring costs 





MORE THAN 128000 FEET of Rome's 
machine tool wire are used in Snyder’s 32- 


station segmented transfer machine that 
turns out 157 finished auto exhaust mani- 


folds per hour. Ten control panels and one 
master control panel “supervise” the com- 
pletely automatic operation of ten indi- 
vidual machine sections. 


at a minimum 

“We buy Rome wire in million- 
foot quantities and find that the 
quality is consistent in each lot re- 
gardless of when it is purchased.” 
says G. H. Whitehouse. Snyder's 
vice president. “This results in a 
significant saving of time in inspec- 
tion and rewiring a faulty job.” 

You, too, can save—as Snyder does 
—with Rome's machine tool wire. In 
addition to uniform quality, your wir- 
Ing will be protected by Rome's spe- 
cially compounded thermoplastic insu 


lation. It is highly resistant to heat 


ROME 


SS Ga a 
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flame. moisture, acids, oils and cutting 
solutions. 

You can speed up your complicated 
wiring jobs because Rome’s machine 
tool wire is surface-printed for easy 
identification. And you can increase 
the number of circuits because of uni- 
formly small diameters. 

If inspection and rewiring are prob- 
lems in your shop, solve them by using 
Rome’s machine tool wire. For more 
information, contact your nearest Rome 
Cable distributor—or write Department 
381, Rome Cable Corporation, Rome, 
New York 
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4 P&B PROGRESS 


HIGH SHOCK CRYSTAL-CASE RELAYS 





Crystal- Cage ta 
axe Contact oy Tete sd ot 





SC NON-LATCHING TYPE-—tThis micro-miniature relay sets new standards—in design, 
in performance, in reliability. Yet the SC conforms to standard dimensions and circuitry 
and may be used to replace ordinary crystal-case relays. A permanent magnet in the 
structure provides at least twice the contact pressure found in relays of compar- 


able size. This extra force accounts for the extremely high shock and vibration resistance 
shown in the specifications. 


SL LATCHING TYPE— Unique magnetic latch assures positioning of armature and 
exceptional pressure. A 1 watt, 3 ms. pulse to either coil transfers contacts. Transfer time 


is only 0.5 ms. Coils are designed for continuous duty. Has the same exceptional shock 
and vibration characteristics as the SC. 


POTTER & BRUMFIELD, INC., PRINCETON, INDIANA/SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 





«dp lor rs “SS 2 : a ae: eee 
Ket iN Over 40 PaB Basic Relays “ow : Ns pr I heb x ‘| z cd i 
j : nd Lo ea ] ye ‘ 
~ 2h More than 20,000 Variations ; ge = |9 +o 
a 5 ; 
. 





SL—dual coil latching relay. SC—non-latching relay with 
Operates on a | watt, 3 ms. pulse series-connected dual coils. 
at nominal voltage. Permanent Operates on approximately 1 
magnet latch locks the armature watt at nominal voltage. Coils 
in either position. must remain energized to hold the 

ormature in the operate position. 


SC and SL Series Engineering Data 


GENERAL: Insulation Resistance: 10,000 megohms, min. 


Breakdown Voltage: 1,000 V. RMS. 

Shock: 100g. 

Vibration: 30g 55 to 2000 cps.; 0.195” max. 
excursions from 10-55 cps. 

Temperature Range: —65° C. to +125° C. 
Weight: 17.5 grams (5/8 oz.). 

Operate Time: 3 MS. max. with 550 ohm coil 

@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC). 
Transfer Time: 0.5 MS max. 

Terminals: (1) Plug-in for microminiature recep- 
tacle of printed circuit board. 

(2) Hook end solder for one #20 AWG wire. 
Enclosure: Hermetically sealed. 


CONTACTS: Arrangement: 2 Form C. 


Material: Gold flashed palladium. 


Load: 2 amps @ 28 V. DC, resistive; 1 amp 
@ 115 V. AC, resistive. 


Pressure: SC—13 grams min.; SL—16 grams min. 


Power: Approx. 1.0 watt at Nominal Voltage. 


Resistance: SL—40 to 1400 ohms; SC—35 to 
1250 ohms. 


Duty: Continuous. 


MOUNTINGS: Bracket, stud and plug-in. 
PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 


ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


Potter & Brumndield, ine. 


PRINCETON, INDIANA 


SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 


Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 


Mail coupon below for further engineering data on P&B’s new SC and 
SL Series relays plus new compact catalog of standard type relays. 
If you need answers to a specific application problem, write in detail. 


JANUARY 


1958 


Potter & Brumfield, Inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 
Special Projects Engineer 


Please send me complete data on the new SC and SL Series 
relays, plus the new compact catalog of P&B standard relays. 


Nome 


Company $$$... Dep. No. -_____ 
Address 


City | cienainenemensjeienend inane State. 
See our catalog in Sweet's Product Design File 
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l. Every unit has overhung load 
capacity in excess of any loads ex- 
pected in service when using sprockets. 
pinions or pulleys for power take-off 

Stock components are the building 
blocks for the gear motors, separate 
speed reducers, and package motor 
(sugar-scoop) reducers. These stand- 
ard components can be assembled into 
arrangements providing for floor, ceil- 

wall or angle mounting. Addition 

accessories provides further versa- 
tility for vertical flange mounting, right- 
angle input and output drives, gear 
motors, package motor reducers, and 
concentric shaft speed reducers. By 
using the same basic parts, a hollow 
shaft and an aluminum cover, shaft- 
mounted reducers with any of the 
standard AGMA ratings can be as- 
sembled. Westinghouse Electric Corp., 
Box 2278, Pittsburgh. Pa. 
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HOODED PRINTED CIRCUIT 
SCREW LOCK CONNECTORS 


Series UPCC-SLH is a hooded screw 
lock connecter, available with 7, 11, 15. 
19 or 23 contacts rated 7.5 amp. Made 
to accommodate ‘46 in.. 44 in. or 4 in. 
printed cards. these connectors feature 
anodized aluminum hoods and _ high 
compression, asbestos-filled melamine 
moldings within trapezoidal-polarized 
die-cast aluminum shells. Terminal 


configurations and diameters can be 
supplied to meet specific application 
requirements. 

Voltage breakdown between contacts, 
at sea level, is at 1800 volts a- 
rms; insulation resistance is over 5000 
megohms. Male connectors are desig- 
nated Models UPCC-M2SL and female. 
Models UPCC-F2HSL. U.S. Compon- 
ents, Inc., 454 E. 148 St., New York 
55, IN ke 
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GEAR GRIP COUPLING 
AVAILABLE IN 1/12 TO 30 HP 


This flexible coupling design develop- 
ment is now available for subfrac- 
tional, fractional, and integral horse- 
power ranges from 42 hp to 30 hp. 
The positive power transmission of the 
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Four Bulletins Bogs ’ 


rated load is achieved by matching the 
gear teeth of the end fittings with the 
gear section of the rubber tube 
Gear-Grip is offered in six basic hub 
sizes with rubber variations to increase 
torque capacity for each hub size 
Features included in this design are: 


prevention of end thrust. “by-eve” shaft 
alignment, specified length to the exact 
design requirements and a large twist 
angle for shock take-up. Gear-Grip. in 
cases of severe loads. can expand its 


rubber tube section permitting the end 


fittings to revolve. minimizing damage 
to either shaft or to the bearings of 
: ‘ the motor. The rubber section utilized 


in this design has the ability to float 
laterally between two captive end 
tings. thus distributing the driving | 
similar to a universal joint. Guard 
Products Corp... Coupling Div 


Kast Second St.. Michigan City 
Fansteel Tantawue CAPACITORS Sais tai -M6h, Melee Seatay teres 


. on page 


MOLDED SILICONE 
RUBBER HEATERS 


These heaters were 

in the refrigeration 

undesirable ice-ball formatior 
Irigerator evaporator tubes 

are expected to find application 
aviation. electronics. and = instrume 
tion fields, 


WRITE FOR 
BULLETINS INDICATED 


The heaters are molded of =ill 
rubber capable of withstanding 
tinuous Operating temperatures of oUt 
( and are flexible and = leak-p 
Wattages range from | to LOO depe 
ing upon size of heater and eny 
mental conditions 

The resistance element embe 
within the silicone molding consist- of 
a flexible core of fiber-glass or asbestos 
varn which is spirally wrapped with 


TURAIM AVOUT TMT E resistance wire, This type of construc- 


North Chicago, Illinois, U.S.A tion allows heaters of verv high re- 


sistance to be made in a small size. 
It also contributes flexibility and flex 
life to the completed product. For 
heaters of this type, operating in air 
at room temperature, the maximum 
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power output is of the order of 3-watts 
per sq tt of surtace area. 

In addition to good heat resistance. 
the use of silicone rubber in the heaters 
enables them to preserve their flexibility 
it temperatures as low as 65 F. Spring- 
held Wire & Tinsel Co. P. O. Box 
8. TO Leete St.. Springfield. Mass. 
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2300 TO 4160-VOLT 
MOTOR STARTERS 


{ 


of 2300 to 4160-volt motor starters 
H designed for full on 
voltage starting. reversing of 
reversing dvnamiu braking or 
ilti-speed control of  squirrel-cage 
nehronous or wound-rotor motors 
npletely front accessible. the 
is compact. the basic unit 
only 34 in. wide by 32 in. 


omponents have been sep- 


to provide individual 
mechanical strength. In 
starter was successfully 
19 kv. evele dielectric 
minute a 60° impulse 
t test< of 150.000 


j 


ind 250.000 kva at 


he starter is available with either 

break or oil-immersed contactors 

to 1500 hp at 2300 vols or 3000 

100 volts. Short circuit: protee- 

of 150.000 kva at 2300 volts and 

250.000 kya at 4160 or 4600 volts is 

by current timiting fuses, 

\llis-Chalmers Manufacturing Co.. 1126 
So. 70th St.. Milwaukee 1. Wise. 
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ZIPPER TUBING 


\ new harnessing and cabling tech- 
nique. Alphlex zipper tubing, reduces 
to just the slide of a zipper the time 
and labor needed to group, mark, pro- 
tect. harness and custom-cable. 
Constructed of — polyvinylchloride 
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KEEPS 
REJECTS 
DOWN 


NOW! 
Two New Magnet Wires 


Acme DAGLAS (Dacron-Glass) insulated Magnet 
Wire is a smoother, tougher, more flexible magnet 
wire, therefore a more suitable one for use at Class 
B or higher temperatures, where a positive inorganic 
spacing is desired between turns. Handling and 
winding Acme DAGLAS is easier and more trouble- 
free than is 100°/, glass insulated wire . . . there- 
fore faster. In AWG sizes 14 through 30. 


POLYVAR—the Acme trade name for polyure- 
thane enamel—introduces a magnet wire that 
solders directly, without insulation removal! This 
improvement greatly reduces processing time as 
well as lead breakage. POLYVAR has properties 
fully equal to those of Formvar for wire insulation, 
plus easy solderability, greater thermal stability, 
and lower moisture absorption. In AWG sizes 15 
through 38. May we send you complete details on 
Acme DAGLAS and POLYVAR? If convenient, 
please describe your need. 


Aeme Wire 


THE ACME WIRE CO. NEW HAVEN, CONN 
MAGNET WIRE e COILS INSULATING VARNISHES 
VARNISHED INSULATIONS AND COMPOUNDS 
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plastic, it is strong, flexible, durable 
and low-cost. In addition to speed and 
ease of application, it exhibits ad- 
vantages over conventional tubing. Be- 
cause it is supplied flat and open (the 
user zips it to close) no minimum 
orders nor expensive “extrusion” set-up 
charges are necessary. Its ease of ac- 
cessibility for wire changes, and _ its 
high versatility make it suited for 
prototype work. 

General purpose type ZIP-31 meets 
MIL-I-631C specifications. Type ZIP-44 
(Air Force approved) meets MIL-I- 
74444 (Amendment 1) specifications. 
Standard wall thickness is 0.020 
+0.001 in. Alphlex zipper tubing can 
be sealed permanently with a liquid 
sealer. Available in all put-ups from 
10 feet to 1000 feet in clear or black, 
in sizes from 1% in. ID to 4 in. ID. 

Other factors available to special 
order include’ special thicknesses, 
sizes of 1% in. increments and lengths 
in excess of 1000 feet. Also, special 
exact footage lengths, colors (red, 
yellow, orange, blue, green, brown) 
contrasting color combinations of zip- 
per and body for additional color 
coding, perforations in body of zipper 
tubing. and fungus proofing are avail- 
able. Alphlex Tubing Div.. Alpha Wire 
Corp., 200 Varick St., New York 14, 
Mes 
Circle No. 530, Reader Inquiry Service Cards 

on page 17 


VARIABLE RATIO 
COMPUTING TRANSFORMER 


Designated Model 20-C, variable ratio 
computing transformer features an 
open circuit linearity of +0.1 per cent. 
The device can provide a substantial 
power output—sufficient in many in- 
stances to eliminate power amplifiers. 
Applications include use in analog 
computers, where the product of a 
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in anywhere! 


COpy anything, 


= 


LETTERS, INVOICES - 
RECEIPTS, CHARTS, BLUE PRINTS 
— BIDS, PHOTOGRAPHS 


REPORTS, QUOTATIONS, ETC. 





THE NEW ALL-ELECTRIC 





DIAL-A-MATIC 


Instant photocopies of anything written, 
printed, typed, drawn or photographed— 
right in your own office 


So fast... so convenient. ..so easy! Exclu- 
sive ‘‘Magic Touch” dial control assures per- 
fect black-on-white copies of anything every 
time. Clear sharp copies from any original up 
to 15” wide, any length or color on opaque o1 
transparent paper—printed on one or both 
sides. Made of stainless steel, it is handsome, 
compact, and light weight. Offers hundreds Charles 


JUST TURN THE DIAL 
of time and money saving uses for every busi- 









ness at a price well within the budget of even Ca) 
the smallest firm. _ adjustments to copy anything - 
slam ; 
Have you read this al 
gave American Photocopy Equipment Co. EM-18 
New 1920 W. Peterson Ave., Chicago 26, Ill. 
Rush me, without obligation, your new free book on the improved all-electric 
F 
ree Apeco Dial-A-Matic Auto-Stat. I understand this book explains office 
Boo k? photocopying applications in detail and shows how my business can greatly 


benefit by the use of this modern copy-maker. 
For your free book 





Company__ eee wc I I 
tear off and mail this 
Air Mail Postage Paid Mites i ih eee! Lee 
reply card today. 
se ae State_ 
TD ___Title _ = 





American Photocopy Equipment Co. 


1920 W. Peterson Ave., Chicago 26, Il. In Canada: Apeco of Canada, Ltd. 134 Park Lawn Rd., Toronto, Ont. 












the all-purpose 
copy-maker 





DIAL-A-MATIC 


Find out how you can save time and money by speed- 
ing production . . . by cutting costly office paper work 

. by expediting shipping and receiving—plus 
hundreds of other ways of increasing the efficiency 
of your business with Apeco Auto-Stat copying. It's 
all in this new free book. Send for your copy today. 


Have you read this 
NEW FREE BOOK? 


16 full color pages to tell 
you how you can use the 
Apeco Dial-A-Matic Auto-Stat 
in your business. 









First Class Permit 
No 26670 
Sec 49P_ LER 
Chicago 26, It 


& 5¢ postage will be paid by— 
AMERICAN PHOTOCOPY EQUIPMENT CO. 


GET YOUR FREE BOOK 





Mail this Postage Paid 
¢-—------ 
Air Mail Reply Card Today! 


1920 W. Peterson Ave. 
Chicago 26, Iil. 
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voltage and a shaft angle is required, 
in the control of 2-phase servo motors, 
ind in the supply of power to torque 
motors 

\t an input of 115 volts, 400 eps, 
the output voltage range is +80 volts. 
Due to its low output impedance, a 
linearity of 0.35 per cent is obtained 
with a 1000-ohm load. With a 2000- 
ohm load, the linearity is 0.18 per 
cent. Under maximum load conditions, 
the quardrature component of output 
is approximately 5 mv per volt of the 
primary excitation voltage. Basic re- 
solution, resulting from 800 equivalent 
turns of wire, is 0.13 per cent, and 
nterpolation by a resistive brush per- 
nits the shaft to be adjusted to obtain 
inv required value of output voltage 
between these points 

Model 20-C is 2.5 in. long by 2 in. 

diameter. Vernistat Div., Perkin- 
Elmer Corp., Norwalk, Conn. 
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SERIES DELAY LINES 


\ unit of Type 4T series delay lines 
onsists of 60 sections of m-derived net 
works. Each of these networks has 
been designed to give linear phase re- 
sponse up to at least 70 per cent of its 


toff frequency and less than 2 per 


cent overshoot. These results are 
chieved by means oft mutual coupling 
between two halves of i section is 





sem 


well as mutual coupling between two 
adjacent sections. 

All components used have been s 
lected for accurate time delay. low 
temperature coefficient and to meet 
JAN specifications. In addition, they 
can be potted in resin compound to 
afford maximum protection from shock, 
vibration, and humidity. Small physical 
size make these units suitable for use 
in computer meter equipment. There is 
no terminating resistor or blocking 
condenser in the lines, 

Other specifications are: the cutoff 
frequency in megacveles equals 19.2 
divided by D. where D is the total time 
delay of the delay line in microseconds. 
The rise time is less than 5 per cent of 
the time delay. Accuracy of the time 


delay is + 2 per cent. Physical size is 


314 in. x 3 in. x 6 in, 
More than 50 types are available for 
this series. The total time delay can be 


made any value from 0.3 psec to 60 
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actual size 
ym ahaha 
eat] 
of new 

connectors! 


improved cable clamping nm - 


g cross-section shows 





how center contact 


is securec 


Miniature field serviceable 50 ohm Subminax RF connectors have been 
added to AMPHENOL’s line of Subminax components. With parts kept to 
absolute minimum, and requiring no special tools for assembly, these 
new Subminax connectors represent an improved design approach in 
two wavs: 


1. Superior cable retention through improved cable clamp 


mechanism. 
2. Center contact is strongly secured, prevents possible contact 
movement. 


The field serviceable connectors, in other ways, are similar to AMPHENOL’s 
standard Subminax connectors: Constant impedance, small and light- 
weight, electro-gold finish and Tefion dielectrics. The new connectors 
will also mate with the 50 ohm types in the standard line. 

Plugs, jacks, bulkhead jacks and right angle plugs are available in 
screw-on and push-on coupling designs. For complete part numbering 
and assembly instructions, send for catalog sheet. 


AMPHENOL Industrial Distributors carry stocks of stand- 
ard AMPHENOL components in order to provide immediate 
service to your rush requirements. 


AMPHENOL ELECTRONICS CORPORATION 
chicago 50, illinois 
AMPHENOL CANADA LIMITED toronto 9, ontario 


Circle 172 on page 17 


The permeance of the air gap itself is 








Wa A ABA A AA 


another 
unique 


BN Anes 


zinc alloy 
component 















this movable siacas! element unit was 
cast-assembled in one operation 


GRIES REPRODUCER CORP. 


149 Beechwood Avenue, New Rochelle, New York, New Rochelle 3-8600 


SETHE HERE HEE EM OEE EEE HEE HEHEHE HEHEHE EH EES 


eee eeeeseeseeeesee 


DISTINCTIVE FEATURES: 


® SNAP ACTION to eliminate 
chatter 

* Single pole, double throw or 
either normally open or nor- 
mally closed contacts 


© Wide temperature range 
(— 65° +125°C) 
© Pre-set time delay periods 


from 3 seconds to 5 minutes 
*® Available in metal or glass en- 
velope or dust tight cover 


Curtiss-Wright 

netic Amplifiers 
to meet 
control systems 
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FORREST EHH HEHEHE ESE HEHEHE EEE HEEHEHEH EEE EEE EEE EE 


manufactures Mag- 

custom designed 
complex requirements for 
Inquiries invited 


GRC's unique, patented method die casts multiple-part 
zinc-alloy INTERCAST units with moving elements in a 
single, automatic, time-saving, money-saving operation . . . 
even continuously interlocked assemblies. Units are de- 
livered ready for use » 


This INTERCAST technique is an ingenious refinement of 
GRC's exclusive method of small parts die casting—pro- 
viding broad design latitude, close tolerances, economies 
in quantities of 100,000 and more. 


Let GRC solve your problems. No size too small! Maxi- 
mum length: 134”, maximum weight: 


Send for fact-filled bulletin TODAY. 


2 02. 






fi : fr om 
World’s Foremost Producer & ; ak 
of Small Die Castings |Ke (Z 
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TIME DELAY RELAYS 


For Every Requirement 
(Industrial or Military) 


Whether it’s a standard Curtiss-Wright thermal 
relay ready for immediate delivery or one that 
requires special custom design for your appli- 
cation, our engineers can provide it. Our design 
and production experience is at your disposal 
to solve any problem in time delay relays. 


Ww 


Write Component Sales Department 


at@i te ea) le 


EE 


beet Th Meee | At | Bey 
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usec. The impedance can be made any 
value from 50 ohms to 2000 ohms. Ad- 


vance Electronics Lab., Inc., 249-259 
Terhune Ave., Passaic, N. J. 
Circle No. 532, Reader Inquiry Service Cards 
on page 17 


SILICON POWER RECTIFIERS 
FOR —65 C TO 150 C RANGE 
The 1N253, 1N254, 1N255, and 1N256 


| silicon power rectifiers are military-type 


| 
| 


of 


ratings, 


rectifiers having an unusual range 


reliable characteristics and 


| making them suitable for use in high 


supply and magnetic amplifier 


power! 


applications under severe operating 


conditions. 





These stud-mounted rectifiers are de- 
signed for use in the temperature range 
5 ¢ to 150 ( The 135 (case 
temperature ratings of the rectifiers 
are: average forward currents and 


maximum rms_ voltages—]N253-1000 


ma., 65 volts; 1N254-400 ma., 135 volts; 
1N255-400 ma., 270 volts; and 1N256- 
200 ma., 400 volts 

The glass-metal hermetically sealed 
pac kage with a solid copper base com- 
bines high thermal conductivity with 
small size. The rectifiers are produced 
to military specifications MIL-E 
1 1024A, 989B, 990B, and 991B. 
Microwave Associates, Inc., Burling- 
ton, Mass. 

Circle No. 533, Reader Inquiry Service Cards 
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MINIATURE INDUCTORS 
AND TRANSFORMERS 

Designed to exact specifications for the 
of 


tion, missile, and aircraft applications, 


precise requirements instrumenta- 
these components provide unusual sta- 
bility and high Q. 

Immunity to large-amplitude shock 


and vibration is imparted by the imbed- 


ment of carbonyl iron cup core and 
coil in a rigid epoxy resin. Various 
core formulas are available to give 
constant inductance, free from non- 
linear effects with very high Q. The 
construction also gives high moisture 
and chemical resistance and the ability 
to operate at temperatures trom 50 
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How You Can Save Time 
Estimating Leakage Factors 
for Magnetic Circuits 


Computing even approximate values for 
leakage flux in magnetic circuits is a time 
consuming job. The research department 
of Indiana Steel recently undertook a se- 
ries of studies, supported by the U.S. Air 
Force, to simplify these computations. 
Dr. R. K. Tenzer reported the results of 
this work, which reduce the time in com- 
puting leakage flux up to 90° by dimin- 
ishing the number of mathematical oper- 
ations necessary. 

The investigations were done on circuits 
with permanent magnets; the results were 
also found applicable to unsaturated 
electromagnetic circuits when the coil- 
covered parts were treated as permanent 
magnet parts. 
After checking v 
method with actual measured values for 
many Type I, II, and III magnetic cir- 
cuits, deviations were found to be less 
than = 10° 


alues obtained by this 


Leakage Flux, Leakage Factor 


Because of magnetic leakage, only a part 
of the total flux through the neutral zone 
of the permanent magnet is found in the 
air gap. The difference between these two 
values is known as leakage flux. Mathe- 
matically this is: 


91 Ot — Og (1) 


In practical design, leakage is best con- 
sidered as a factor stated thus: 
or QPL 


g : =1+— (2) 


For simplification, the flux can be as- 
sumed to follow three basic, probable 
paths: », between parts a, between 
parts b, and ¢, along part c. The equation 
above then becomes: 


oa T Pe 


e@=1 + ——. (3) 
With ¢ = mmf X P, this formula can be 
written: 
P. 


0 =1+4 


1 (mmf, 
P 


mmf, 


,m mf. P,) 


mmf, 


mmf; 
mmf, 
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Letting the mmf ratios be denoted by K 


a 1 + 3 (K.P. + K.P, + K.P. 


This becomes the basic equation for nu- 
merical calculations of leakage factors 
after introducing simple expressions for 


leakage permeances and mmf ratios. 


Simplified Leakage Permeances 
The following formulas have been found 
satisfactory for | 


eakage permeances be- 


tween soft steel parts: 
P, a ses where LU is 


cross-section perimeter; 


r 14X56 X y— + .25 i 


where U’,/c is greater than .25 and less 


than 4. 


The total length of part } is used. 


Since permanent magnets have a neutral 
zone which does not contribute 


age, the value of 2/3 of the 


to leak- 

magnet’s 
total length is used when computing leak- 
age permeances—this is the effective 
length a’ and b’ to compute P’; thus the 
two equations above become: 


.67a 
a (6a 


: a Us Gia CL 


and 
’ = l b © ° 
Pp’, =1.4xX 67b 4 + .25 = .67 P,. 
c os 
ia 
When part c consists of a permanent mag- 
net (Type III) its permeance can be cal- 
culated as: 
Qe Sis. . 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


TT 
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The permeance of the air gap itself is 
P,. = A,/L, . 9) 


Simplified MMF Ratios 
Simplifying the mmf ratios is done by neg- 
lecting the reluctance in soft steel parts; 
SO 

mmf, mmf, mmf, or K, = K; } 
mmf, 0so K 0). 10) 


along permanent 


Since the mmf magnet 
parts is not constant, integral values 
mmf!) are used. Experiments showed that 
2/3 of the mmf, was the effective mmf for 
leakage flux between permanent magnet 
parts; thus 


mr 4 mmf, mmf 2/3 m mf, 
or 
cE ain Ea ee 11) 
Basic Formulas 


By inserting the permeances for soft steel 


into equation (5), the general formula 
beccmes 
L ~ a . 
1+7¢ (Kx 170 as 
© 4 a+L, 
/ 


12) 
This formula contains only constants and 
i ions; and by the two following rules 
be modified into the three basic 
juations for the Type I, Type II, and 
lype III circuits. 








For leakage flux paths between 


soft steel parts, use total lengths and con- 
stant K of 1. (2) For leakage flux paths 
between permanent magnet parts, use 


2/3 of lengths and K of .67. 





The fol ing provide the leakage factors 
for the three types of circuit 
Type | 
' a 
‘ l aa ‘a bia 
7 4 T .0/ 1.7 I — 





For variations on these basic formulas, 
write today for the April-June issue of 
Applied Magnetics which also shows ex- 
amples of the formulas in use. 


NEW DESIGN MANUAL READY 


Write today for your 
copy of the newest edition 
of the Indiana Permanent 
Magnet Design Manual] 
No.6. Write to Dept. B-1. 





OEE 
aaa 


THE WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


La BS 





In Canada... The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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CHACE 
THERMOSTATIC 
BIMETAL 


ACTUATES ANOTHER (@ 
PRECISION ~ 
PRODUCT... 


aaa ~ 
=) | 
wi! > ~*~ 
WW (\ A Product of 
iy 


BullDog Electric Products Co. 
Detroit, Michigan 


in de 
me ©6BULLDOG PUSHMATIC 
CIRCUIT BREAKERS 


RRR 


In residences, institutions, commercial and industrial establishments 
the world over, BullDog Pushmatic Circuit Breakers provide positive 
and effective protection against the dangers of aaa overloads. The 
ever-growing popularity of BullDog thermal-magnetic Pushmatics 
stems in large measure from the exclusive pushbutton feature which 
makes it possible to check the unit at a glance or touch, day or night. 
The unique “screw-retainer” design makes installation easier and 
faster. And finest quality is built into Pushmatics in every detail of 
design and construction. : 


An important factor contributing to the dependability of BullDog 
Pushmatics is the Chace Thermostatic Bimetal element which protects 
against overloads in the lower current range plus a magnetic solenoid 
which protects against heavy overload and short circuits. Precision- 
rolled by Chace to the closest tolerances—specially processed to prevent 
metal separation—tested under the most gruelling conditions—and 
carefully inspected to assure quality of product, Chace Thermostatic 
Bimetal provides instantaneous, automatic, and unfailing protection 
of valuable equipment. In hundreds of leading manufacturing firms 
the name Chace Thermostatic Bimetal stands for the utmost in 
reliability, result of over a third of a century as exclusive producers 
of precision bimetal. 


Remember Chace when you design for protection of valuable 
equipment or for temperature actuation or indication. Dependable 
Chace Thermostatic Bimetal is available in 28 types, in strip, coil or 
completely fabricated and assembled elements ul to your specifica- 
tion. (We do not manufacture complete controls or any other devices 
in competition with our customers). Write today for new 44-page 
booklet, “Successful Applications of Chace Thermostatic Bimetal”, 
containing interesting uses of bimetal and many pages of engineering 
data that may help you solve your product problems. 


_ W. M. CHACE CO. 
i Theunorstalic Bimelal 


1608 BEARD AVE., DETROIT 9, MICH. 
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C to 100 C. Coils and transformers 
are available with negative temperature 
coefhcients of inductance of approxi- 
mately 50 ppm per degree ¢ 

Size of the double-tuned transformer 
is a 114-in. cube while the inductor has 
a %4-in. diameter and is 114 in. long. 
Tuning range is more than 2 to 1 in 
inductance. Tight internal coupling of 
each inductor minimizes side effects 
when taps are used for impedance 
matching or phase control, thereby 
making the transformers particularly 
suited for transistor applications, 
phase discriminators and_ oscillators 
Moore Associates, 2628 Spring St.. Red- 
wood City. Calif. 
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PROPORTIONAL MAGNETIC 
AMPLIFIER 


The PA3C-1 proportional amplifier is 
a highly sensitive magnetic amplifier 
capable of proportional control up to 
100 watts output power with input 
power of a few milli-microwatts. This 
unit was designed specifically to pro- 
vide a reliable miniaturized tempera- 
ture control system for devices such as 
hermetic integrating gyroscopes. The 
unit is self-contained and the only 


external connections required are the 


gyro temperature sensing element. gyro 
heater element, and a standard = a- 
power source, It is designed to meet 
or exceed the requirements of 
MIL-E-5272A. 

Advantages include: high sensitivity 

approximately 5 ywamp differential 
control signal current produces full 
power output of 100 watts. This gives 
an overall power gain of approximately 
2.0 x 10. Shorted sensing element 


protection is operative where sensing 


FLECTRICAL MANUFACTURING 





More materials: Rugged, versatile composi- 
tions to resist impact, stress, vibration, pres- 
sure, heat, thermal shock, wear, chemical 
reactions. Superior electrical characteristics 
for higher temperatures and frequencies. 


More equipment: Complete and separate 
production facilities devoted exclusively to 
finer quality AlSiMag Aluminas. 


More “know how”: Years of experience in 
formulating and fabricating Aluminas. The 
wider range of exacting designs produced 
have led to new, improved techniques. Pre- 
cision tolerances. Dependable uniformity. 
Constant research. 


™) 


Bring your problem to the source most apt 
to supply the right answer! Send blue- 


Va \ » print with details of operating procedure 
\ ) for complete information. 


| 4 se best source for \&@ 
| ALUMINA CERAMICS ©. 


A Subsidiary of 
Minnesota Mining and 


Manufacturing Company ' 9 oO Re > oO ag A T } oO N 56TH YEAR OF CERAMIC LEADERSHIP 


For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston: Newton 

Center, Mass * Buffalo, N. Y. * Chicago, Ill. * Cincinnati, O. * Cleveland, O. * Dallas, Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, 

Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So. San Francisco, Calif. * Seattle, Wash. 

Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co., 
International Division, 99 Park Ave., New York, N. Y. 
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CHOOSE FROM 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 


For Air... Oil... 
Askare!l Transformers 


An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellentdielectric, 
physical and chemical 
properties. Available in 
natural kraft color. 


— ELECTRITE 


rome reg 
Variety of Punchings 


A high grade board treated 
with natural rosin size for 
moisture resistance. Higt 
tensile strength. Punches 
clean. Available in brown 
or black colors 


DENSITE 


Extremely 
Hard Board 


Also treated with rosin 
size. Used by many man- 
ufacturers to replace 
more costly types of insu- 
lation. Natural kraft color. 


100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


‘These three grades of West Virginia 
Fibreboard are available in a range 
of thicknesses (.031" to .250" for 
PRESSITE and ELECTRITE, .031" 
to .125" for DENSITE). For more 
information, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, y 
230 Park Avenue, 
New York 17, N. Y. 
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element resistance is less than 50 
ohms: ruggedness—designed for +30 
g’s vibration to 2000 cps and 50 g’s 
shock for 11 millisc. Temperature 
operating range—designed for —55 C 

100 C continuous operation; from 
standard 115 volts, 400 cps aircraft 
and missile power sources. 

Typical applications—(1) hermetic 
integrating gyroscopes to a_ tempera- 
ture accuracy of less than 0.5 F., and 
(2) various types of fuel and liquid- 
in-motion applications. 

Specifications include: control re- 
sistance—designed specifically for use 
with a 780 ohm sensing element; sen- 
sitivity—total change of approximately 
1.0 ohm about the nominal tempera- 
ture sensing control point of 780 ohms 
results in a proportional output power 
change of 80 watts. Magnetic Controls 
Co., 6405 Cambridge St., Minneapolis 
16, Minn. 
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CRYSTAL OVEN UTILIZES 
CHEMICAL THERMOSTAT 


Crystal oven utilizes the latent heat of 
fusion of crystalline materials and 
provides constant crystal cavity tem 
perature. The oven utilizes a chemical 
thermostat, with proportional heat con 
trol instead of the conventional _ bi- 
metallic type. Contact noise, power 
surges. random variations of oven 
temperature and cavity temperature 
drift are said to be eliminated. 

At 24 C ambient, cavity temperature 
is 70.6 C. Temperature control is with- 
in +0.5 C from 20 C to +50 C 
ambient and approximately +0.005 C 
at fixed ambient. 

Among the military and commercial 
applications suitable for the 12 oz 2 
in. x 4 in. oven are temperature control 
of a crystal or crystal oscillator for 
secondary standards and 
constant temperature maintenance for 
thermocouple reference junctions. Tem- 


frequency 


perature control of sensitive compo- 
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nents such as resistance-capacitance net- 
works in oscillator or computer circuits, 
control of zener diodes for voltage re- 
ference units in d-c power supplies and 
reference temperatures for the calibra- 
tion of thermistors are also possible. 

Heater voltage: 5 volts a-c or d-c 
regulated +2 per cent; heat power 
under control: 1.6 w at 24 C, 3.5 w 
at —20 C. Robertshaw-Fulton Controls 
Co., Aeronautical Div., 401 No. Man- 
chester, Anaheim, Calif. 
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CIRCUIT BREAKER INDICATES 
TRIP-OUTS 


An improved high altitude, manual 
reset, aircraft circuit breaker C6758, 
designed to indicate when trip-outs 
occur, is available in ratings from 50 
to 105 amp for 30 volts d-c and many 


110-220 volt a-c circuits. 


The trip-free breaker will also have 
ground uses, furnishing circuit protec 
tion in such applic ations as automotive 
systems and stationary engine-driven 
power plants. 

At 25 C. it is designed to contin 
uously carry 115 per cent nominal 
rating. The C6758 also features high 
rupture capacity (rupture and close-in 
on 4800 amp adjusted 30 volts d- 
circuit) and a sealed and explosion- 
proof construction in compliance with 
MIL-E5272. Shock and vibration char- 
acteristics exceed military  specifica- 
tions. Nominal resetting force is only 
12 Ib. Spencer Thermostat Div., Metals 
& Controls Corp.., Forest St.. Attleboro, 
Mass. 
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SLIP CLUTCH TRANSMITS 
0 TO 4 IN.-LB. TORQUE 
BEFORE SLIPPING 


The units are constructed of alloy 
steel shafting, which is hardened, and 
serves to couple the input to the out- 
put. The input and output hubs are 
made from sintered iron, with a clutch 
facing and shaft bearing from sintered 
bronze. This bronze is oil impregnated 
and provides an adequate supply for 
the life of the unit. The bronze clutch 
facings bear against nylon and_ the 
pressure exerted against this nylon is 
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for a one-piece shielded or coaxial 


cable connection...in a single crimp! 


TTin Te 


erhanging nylo n 
protects both 
of the “‘UNIRING 
gie or multiple 
can be made 
t or back 
INIRING 


installed on wire —write... 


BURNDY,' 


put “plus” quality in your 
appliance and equipment 


quick-disconnect 
terminals 


e Wave-type indents assure stronger, 

better- conduct vity joints 

e High production rates achieved 

with Termatic installation machine ‘| 
t 


Ay 
“Ay 


b 


installed on wire —write... " [, 


BURNDY, NORWALK, CONNECT 


Ba . a! etl ia ee 


need a stronger, lighter cable hanger? 


NYLOCLIP 


e Molded of 
durable nylon 


e 70% lighter 
than metal 
hangers 

e Holds pre- 
formed s shape 


indefinite y 


for free 


SANPLE 


write... 


BURNDY, NORWALK, CONNECT 


VU 


for connections safe and sealed 


e Installed with simple 
e Onec crimp connects an 


lon insul ting sleeve 


lice or for 


for free 


installed on wire —write... 


iL: BURNDY, NORWALK. CONNECT 
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OPERATIONAL [i 
AMPLIFIER STABILIZED — 
BY AIRPAX CHOPPER 


e ° } +} 
| ad lifi controlled by the screw adjustment 

Wide-Band Directly Coupled Amplifier ~ tonic ieee eghumag al 

ing this screw forces the hubs togethe: 

increasing the amount of torque trans 

mitted. 

The unit is entirely mechanical 

operation, and depending upon the 

setting, will transmit from zero to 4 
in.-lb of torque before slipping 

Applications include servo” mech 
anisms, analog and digital computers 
aircraft, missile and control systems 
The principal design feature is the 
unit’s simple mounting characteristics 
together with the fool-proof adjustment 
for torque. The coupling type of mount 
is new to the QEM market. 
The clutch is *4 in. in diameter by 

2 in. long and comes in two mounting 
types: Model M weighs 2! , 0z., Model 
K weighs 2%4 oz. Precision Specialties 
Ine . 1342 East 58th St... Kansas Cit 
10, Mo 


CHARACTERISTICS Pe et ee 
OF TYPE 175 CHOPPER 


MULTI-COLORED MULTI- 
CONDUCTOR CABLE 


ae such as operational Airpax 60-CPS chopper Type 175 
amplifiers in large-scale analog com- __ is a miniature unit with permanently See TO 
puters and controllers and in wide-band adjusted SPDT BBM contacts. Me ; se wist is a . — cable 
instruments like oscilloscopes require using twisted pairs instead of singl 


DRIVE wires. Wiring which calls for twisted 
wide-band (rapid) response, airs is improved by the use of this 
highly stable null, and Frequency .. 60 +3 CPS a le. Ti My io ' a in 
“te ; on ce Voltage 6.3 +0.6 RMS volts — ee oe 
¢ ere Ct. 


ire uniiorm trom piece to piece, and 


These characteristics are achieved by using CONTACTS 
Airpax Type 175 choppers in amplifiers 
built by George A. Philbrick Researches, 
Inc., Boston 10, Massachusetts. 


neatness and high class appearance 
Dwell Time . 167 +10 electrical deg. ire achic a dir ree peers The « a 
Balance within 15 electrical deg. - available in a es om FF 
Phase Angle 20 +5 electrical deg. AWG to #32 AWG, and in any nun 
; : a Voltage .... up to 100 DC volts bers of pairs up to 4 in. wide. 
A conventional operational amplifier eniae up to 2 MA Magna-Strip is a flat multi-condu 
provides wide-band response. A chopper aes 


“ tor band. con posed ot single wires ot 
ee ; Noise ...... 50 microvolts average M 
stabilizing amplifier connected in tandem magnet wire with the regular insula 


with this amplifier counteracts any tendency _Hermetically sealed for trouble-free tion of the Formvar type bonded int« 
for the null to drift from zero. Selected or operation in any atmosphere; a ribbon. This strip is available in all 
matched components are unnecessary in internal mechanism rigidly mounted gages from #20 AWG to #40 AWG 
the stabilizing amplifier; with the mechanical _® withstand shock and vibration fhe conductors are readily 
modulator, no manual null adjustment is encountered in portable and 

necessary. When stabilized in this manner, nay Spa. 

the drift of the operational amplifier is 

typically less than 100 microvolts. 


peeled 


Airpax Products Co., Cambridge Division, Jacktown Rd., Cambridge, Maryland 


RY 
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where, how and why 


aluminum cuts 


material, production 


and handling costs 


=“METERS 


WATT HOURS 
, 


fa A AAC ATH 2\ 
7 3308S SSD) 
= j 


6neé 6 644,4 6 
—ALA A 


6a¢ 
. >. 


Improve the accuracy and durability 
of meters without increasing their 
costs. This was the job Duncan Elec- 
tric Co. designers accomplished by 
combining their proven electrical 
know-how with tough, lightweight, 
plentiful aluminum. 

The large internal frame is an alu- 
minum die casting. Why? Because 
it is lighter than other non-ferrous 
die castings — has high strength and 
dimensional stability. Rotor, dial 
face, name plate, ring and screws 
are aluminum because it is easy to 
fabricate or machine, takes an ex- 
cellent finish, is more economical be- 
cause it provides more pieces per 
pound, its light weight means less 
bearing load on moving parts — adds 
to the meter’s accuracy. And alu- 


minum is non-magnetic and highly 
corrosion resistant. 

Meters, generators, transformers, 
conductor, switches, bus duct, mo- 
tors—electrical equipment from 
power source to end use — are being 
improved, at lower cost, with alu- 
minum. 

To be sure your electrical product 
or system is as low-cost and as effec- 
tive as it could be, investigate alu- 
minum. For details and assistance 
from Reynolds Engineering Service, 
call your nearest Reynolds office or 
write Reynolds Metals Compariy, P.O. 
Box 1800-ED Louisville 1, Ky. 


The Finest Products 
Made with Aluminum 


IMPROVING ELECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE 
Watch Reynolds All-Family Television Program ‘‘DISNEYLAND”, ABC-TV. 


TCU TL) 


REYNOLDS G3 ALUMINUM 
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“We Didn't Know 
You Make It 


Every now and then someone says to us, “I wish 
I had known you make it’. They know that no 
other wire or cable is superior to Synkote in qual- 
ity and performance. 


Since 1941 we have made every conventional 
wire and cable and most of the special construc- 
tions in use today. 


whether it be 


al 


Sy — 
Koay” 
ee 


TEFLON-JACKETED 
MINIATURE COAXIAL CABLE 
or any other Teflon 

insulated wire or cable 


NON-CONTAMINATING 
FOAM POLYETHYLENE DIELECTRIC 
COMMUNITY TV COAXIAL CABLE 


PLASTQHD 


Plant: HAMBURG, N. J. - Offices: 42-61 24th St., Long Island City 1, N. Y. 
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apart, so that a roll of 10 conductor 
Magna-Strip would provide two 5-con- 
ductors: two three’s and a four; a 3 
and a 7-conductor; and so on for the 
various widths of cable. In this way 
many various diameters of wire can be 
duplicated from a_ single spool. Or- 
ganic Development Corp., 10052 Larson 
Ave.. Garden Grove, Calif. 
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2’2 IN. SEALED ELAPSED 
TIME INDICATOR 


Series HD-656 sealed elapsed time 
indicator with 2!) in. diam meter is 
enclosed in a housing which meets 
military specifications. and has _ five, 


easy-to-read digit counters that register 


minute or ‘yo hour increments t 
9999.9. or hour ste ps to 99999 

It provides a check on operating 
times of machine tool. electronic and 
similar equipment to insure proper 
maintenance and replacement at de- 
sired intervals. Unit is equipped with 
self-starting synchronous motor for 
110-125 volts. 60 eveles a-c. and is 
capable of operating continuously from 

55 C to + 85 C. Sealed housing is 
a combination of sturdy drawn. steel 
case and die-cast aluminum mounting 
flange. Sealed solder lugs are also 
standard. Electronic Sales Div., DeJur- 
Amsco Corp... 45-01 Northern Blvd., 
Long Island City 1, N. Y. 
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CYLINDRICAL CASE NON- 
RESET COUNTERS 


Series of small. cylindrical-case non- 
reset counters has a case diameter of 
06.790 in. with mounting flanges at the 
figure window or at the bottom as 
required, 

The counters are available in a range 
of 3 to 6 figures which are 0.163 in 
high in white on a black background 
The driveshaft is 1, in. in diameter and 
can project from the left or the right 
hand end of the case. 

Revolutions may be counted at a 
maximum of 1000 per minute, or count 
may be recorded at 1000 per minute 
with a shaft input of 100 rpm. When 
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New Mallory Motor Starting Capacitors 


with BUILT-IN Resistor’... 


Electromechanical — Resistors * 


Cut Assembly Time 


Now — instead of soldering a separate 
resistor across the terminals of a motor 
starting capacitor, install both the 
capacitor and the resistor in one opera- 
tion—with the new Mallory Motor- 
Starts. These capacitors have the 
bleeder resistor deposited, by an exclu- 
sive Mallory process, on the top wafer 
board — between the contact terminals. 


The new Mallory design leaves ter- 
minals completely free of obstructions. 
It not only offers space savings, but 
enables substantial reductions in the 
* Patent applied for 


1p} 


Serving Industry with These Products: 


Switches * Tuning Devices * Vibrators 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 


JANUARY 


1958 


Parts distributors in all major cities stock Mallory 


standard 


components for 


your convenience 


and Costs 


time and cost of installing the capacitor 
in electrical equipment. 


This is the latest in a long series of 
Mallory developments that have im- 
proved the compactness, dependability 
and current ratings of motor starting 
capacitors. Application of this new 
design can bring you extra economy on 
your next production run. Write for 
complete technical and application 
information—or, if you prefer, a 
consultation by a Mallory capaci- 
tor engineer. 


Expect more...get more from 


MALLORY 


P. R. MALLORY & CO. Inc., 
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INDIANAPOLIS 6, INDIANA 


Cy 
Design and } BR CoN 
Development go. i 
Engineers: Ah. 


DESIGNS with 


Check your SPRING IRS 


The I-S short run department can save you 
time and money in the planning stage or whenever 
production quantities required are limited. 
Precision springs in small lots are produced quickly 


and economically... designers can check springs 
for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 
recommendation on your specific spring applications. 


Specify |-S Beryllium Copper Springs 
for High Strength and Endurance: 
For further information on |-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet’s Product Design File 

or write for our latest Catalog. 


grey COPPER 


* PROCESSED” 


INSTRUMENT SPECIALTIES CO., INC. 
254 Bergen Bivd. © Little Falls, N.J. 


Telephone: Little Falls 4-0280 


Promet Engineered Bronze 
TT TET PO tl Plat teil: elas 
LST ae hed et Sate] 
service, nor cut or stick to the shaft 
TTS ul Lle-lem lala t-da) 
failure. They give longer, trouble-free 
Tals eee mi hae 11d a 


THE 


mM 


Write for free liter 
ature and service 
data sheets or send 
prints and _  condi- 
tions of operation 
for recommenda- 
tions and quota- 
tions. No obligation. 


Amouron Crucible PRODUCTS CO. 


1365 Oberlin Avenue Lorain, Ohio, U.S. A. 


Circle 185 on page 


the driveshaft is directly connected to 
the initial counting wheel, actuation is 
cushioned by a nvlon shock-absorbing 
device. This feature improves the service 
life of counters which must pass 
through maximum count, at which 
point there is a high shock loading. 

Two types of ratchet action are avail 
able. The action can be arranged to 
count in direct connection when there 
is oscillation or rotation in one dire¢ 
tion. No count can be made when the 
driveshaft is reversed, even through 360 
degrees. A second type of ratchet action 
will include stops and a return spring 
for stroke counting. in which case there 
can be only one count per stroke 

Ratchet components are ot nvlon 
Other components — are diecast in a 
special alloy. Internal pinion gears are 
used between the figure wheels for 
close spacing of the figures and ease of 
reading. Technicraft. 6221 Ridge Ave 
Philadelphia 28, Pa 
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MEDIUM MU TWIN POWER 
TRIODE FOR SERIES 
REGULATOR SERVICE 


The 6528 is a twin power triode de 
veloped lor use as a passing tube in 
series regulated power supplies The 
tube is able to pass large currents over 
a wide voltage range and still exhibits 
a low intrinsic voltage drop when 
operated wide open. The 6528 also 
requires little grid voltage swing to 
control these currents 

The design features zirconium-coated 
graphite anodes that, while lighter in 
weight than similar metal anodes, re 
main warp-free during life and provide 
one of the best gas ‘gettering’ means 
known. The anodes are supported by 
ceramic insulators. The use of these 
insulators and the hard glass envelope 
permit the tube to be outgassed at high 
temperatures during the manufacturing 
exhaust process. This allows the tube 
to be run at high temperatures during 
operation. 

Large cathodes provide adequate 
emission current reserve. Gold-plated 
molybdenum wires are employed in the 
grid structure. The tube mount is built 
on a rugged button stem, and is sup- 
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NOW you cal 
in C/R Eng 


Chicago Rawhide now announces the 
availability of a complete new line of 
Standard End Face Seals to meet the 
widest possible range of sealing re- 
quirements. For sizes or conditions 
End 
R engineers will con- 


beyond the range of Standard 
Cc 


tinue to cooperate with you on special 


Face Seals, 


designs. Their experience in sealing 
applications is unmatched — your as- 
surance of getting the correct seal for 
the job. 


Write for your free copy of 
this new C/R Bulletin ———~> 


Bulletin EF-100 includes complete en- 
R Standard 
End Face Seals and mating rings to 
select the for 
your equipment design: 


? 


velope space data on C/R 


help you correct size 


@ Size range table in two series 


long and short from *4 to 4 inch 
shaft diameter. 

Size range table on mating rings. 
for 


pressure. 


seal installations in- 


Typical 


ternal and external 


Special instructions on how to order. 


OIL SEAL ES 


CHICAGO 
RAWHIDE 


JANUARY 1958 


get standard sizes 
Face Seals! 


@ %% 
© 4 inch shofr Sizes 
© pr 
Pressures to 500 ps 
© temperar, 


vres to $00° ¢ 
? 
Periph 
PMheral speeds to 15.000 FPa 


© ext 
external or 
internal 
Pressure 
es 


1301 Er aA att 


Chicago Prd 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1279 ELSTON AVENUE © CHICAGO 22, ILLINOIS 


O 22 


In Canodo: Mo 
Export Soles 


Seals e Sirvene c rubber) molded pliable 


R Non-Metallic Gears 


C/R Shaft and End Face 
ynpor mechanical leather cups, packings, t 
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Solve Your 


HOT PROBLEMS 


with 


VULCAN 
VERSATILITY 


i a 2 
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Vulcan Finned Strip Elements 
provide ideal heat for blower 
type electric unit heaters, duct 
heating, unit convection heating, 
as oven or space heaters in 
dryers, pump rooms, etc. 

You have a wide choice of 
standard sizes — from 102” to 
422"; wattage from 500 to 
3250 or higher; voltage — 120, 
240 or higher; steel, for sheath 
temperatures to 750°F; Chrom- 
alloy for temperatures to 1250°F; 
rugged non-oxidizing terminal 
posts. 

When your hot problem calls 
for unusual specifications, you 
get a speedy solution through 
Vulcan Versatility in engineering 
and production. Standard or 
special, Vulcan is ready to supply 
your complete needs in low-cost 
efficient heating units — finned, 
cartridge, strip, tubular, immer- 
sion, band and ring heaters. Send 
coupon for catalog and prices. 


Cartridge « Strip » Tubular « Immersion Electric 
Heaters ° Soldering and Branding Irons 
Solder and Glue Pots 












VULCAN ELECTRIC COMPANY 
Donvers 2, Mass. 


Please send me your catalog and price informa- 
tion on Vulcon Electric Heoters. | am especially 
interested in (check) 












0 Tubular D Finned 
-] Immersion 0 Cartridge 
(1) Other 0 Strip 


Nome & Title 
IIT ccientancinnenninsemnttciicnnaiiinianicistitaiinaiiginies 
Street & No. 


City & State 


170 
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ported from the bulb by 
flexible metal vibration snubbers. 

In making circuits, one 6528 will 
re place two or three type 6080 WA or 
three or four beam power tubes. Chat- 
ham Electronics, Div. of Tung-Sol 
Electric Inc., Livingston, N. J. 
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means of 


RELAY HAS BUILT-IN NEON 
LAMP INDICATOR 


The Spot-Light relays feature a_built- 


in indicator neon lamp which spots 


The re- 


and 


circuit malfunctions instantly. 
lays are 
tinted 


coding. 


available in clear five 


translucent shades. for color 


voltage 


coil 


230 volts a-c. 6 


Specifications include: 


6 volts a-c to volts 





d-c to 110 volts d-c; coil resistance 
at 20 C max, 15.000 ohms t lO per 
cent; power required—l watt d-c, 2 


watts a-c: duty cvcle—continuous. 


to 2PDT 


material 


Contact arrangements—up 
or 3PNO-3PNC:;: 


diam 


contact 


fine silver; contact rating 


) 


5 amp, resistive, 2 amp, inductive, at 
115 volts a-c—26.5 volts d-c. Size— 
height—21., width—1*°,, and length— 
132. Insulation—500 volts rms Hipot; 


RETMA 


weight—3 oz; 


mounting—standard octal or 


eleven-pin base; neon 
lamp breakdown voltage—65 volts a-c, 
90 volts d-c. Line Electric Co., 271 So. 
6th St., Newark 3, N. J. 
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PRINTED CIRCUIT LAMINATES 


Two new printed laminates, 
Fluoroply-P and Fluoroply-E, have im- 
proved electrical 
employs 
XXXP 


phenolic with a film of fluorocarbon 


circuit 


and 
Fluoroply-P 
punchable grade 


environmental 
characteristics. 
a base of 


between the base board and the copper 
similar to 
Fluoroply-P with the added advantage 


surfaces. Fluoroply-E — is 





ot having the highest grade of epoxy 
fibre glass board as the base material. 
Both of these new laminates possess 


the physical characteristics of their 
base materials. Upon etching. how 


ever. fluorocarbon surfaces are exposed 


which provide highest surface re 


Cc Copper 







OS \/ + Epony fivre 
KY gless board 
or 

XXXP Phenolic 
boerd 


Fiuorocearbon film 


sistivity and are resistance. Sines 
fluorocarbon has substantially zero wa 
ter absorption characteristics and low 


moisture vapor transmission, the broad 


surfaces of the base material are 


sealed. thus reducing measurably mois 
ture absorption and improving environ 
International Re 


mental performance 


sistance Co.. 401 No. Broad St.. Phila- 
delphia 8. Pa 
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VERTICAL GEARMOTORS 
MOUNT IN ANY POSITION 


Vertical type MV. series gearmotors 
solve the problems found in driving 
vertical shafts, particularly in many 
mixing applications. They also are 


suited for “wall-mounted” applications 


since the 


worm is then located below 
the gear the most efhicient position Ir 
which to operate worm gearing. The 


gearmotors are equipped with a mount 


ing base for floor, ceiling or wall 
mounting, in either standard or hollow 
shaft models. 

The gearmotors are double-reduction 
units with a _ helical primary and 
double-enveloping worm gear second 


ary. Load-carrying capacities are higher 


than those obtained from cylindrical 
worm gearing because of the hour-glass 
worm that meshes with a throated gear 

One-eighth of teeth are 
always in mesh and the resulting high 


area 


the gear 


and 
teeth spreads unit loads over a greater 


contact between worm gear 
area. This feature, in addition to pro- 
viding high load capacity, contributes 
to smooth operation, high resistance to 


shock loads, and a compact unit. 


Gearmotor sizes are currently avail- 
able to handle 1 to 15 hp standard 
the 


NEMA D-flange motors. All 


gear 
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TES’ 


EQUIPMENT 
OR 
SYSTEMS 


Kearfott recognizes that test equipment 
must provide precision, convenience and 
speed in testing plus versatility and non- 
obsolescence. Accordingly the equipment 
IVF P¢ ff ~ ON E- NI z q* illustrated combines these features with the 
i Sa, illustrate 
: a assurance that the buyer uses the same tech- 
niques and precision in testing servo compo- 
nents and systems as the manufacturer. 


INDEX STANDS ANGLE POSITION er tis 


PORTABLE INDEX STAND 


Calibrated to 24 seconds 
of arc. Available for sizes 
8, 11, 15, and 18 compo- 


INDEX STAND WITH PRECISE 


INTEGRAL BRIDGE RACK PANEL UNIT 


Provides a counter pres- 


Accuracy of stand within 
24 seconds of arc. Tests 
performed at 5 degree 
intervals. Positional accu- 
racy of bridge, 10 sec- 
onds of arc. Electrical 
accuracy .002%. Higher 
accuracies on request 


nents. Simplicity of index 
Stands makes them desir- 
able for high volume 


testing. 


entation of an unknown 
angular position of a 
synchro to be measured. 
The compact unit shown 
is for both laboratory 
ond production use. May 
be supplied in carrying 
case for field tests. Accu- 


“JAN” UNIT 


Packed to meet the de- 
sign requirements of MiL- 
D-8512. May be installed 
in aircraft control panel 
or in portable carrying 


racy 6 minutes of arc in case. Accuracy 6 minutes 


standard unit, higher ac- standard, higher accu- 


curacies available. racy can be provided. 


OTHER KEARFOTT TEST EQUIPMENT COMPONENTS: 


Scorsby and tilt tables, ratiometers, PSVM and VTVM, 
cutomatic ohmmeters, synchro and resolver bridges, 
power supplies and other related equipment. 


MODULAR FUNCTIONAL TEST CONSOLES 

Kearfott provides functional test equipment for gyros, 

servo systems and other components, or complete sys- 

tems in modular form permitting universal use of the 

component pieces regardless of the component or és 
system. 

Exemplifying Kearfott's ability to provide com- 

plete weapon system ground support test equipment Le se 
are automatic analog and digital systems now being 

produced for this purpose. 


earfott 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


A SUBSIDIARY OF | 
GENERAL PRECISION EQUIPMENT CORPORATION 
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TIMER 


yee ae 
... it’s HAYDON 


for timing devices 


If you’re looking for a complete product line that includes 
Timing Devices for every application requirement and, 
in addition, features the highest quality and most 
advanced design at the lowest possible cost, HAYDON 
has it! And all Haydon timing devices incorporate the 
famous Haydon hysteresis and/or inductor timing motors 
available for 50, 60, and 400 cycle and DC power supplies. 


If you’re looking for a complete service to meet all your 
timing needs, HAY DON offers fully integrated engineering 
and manufacturing facilities ready to take your timing 
projects right through from design and development 
to finished product! 

And if you’re looking for a complete Field Engineering 
Service to make all these facilities conveniently available, 
you'll find there’s a HAYDON Timing Specialist in 

your area, a man fully qualified by training and experience 
to help fill your Timing Device needs. Why not phone him 
today and make an appointment to discuss your requirements? 





*Trademark Reg. U.S. Patent Office 
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A SUBSIDIARY OF GENERAL TIME CORPORATION 


HAYDON Manufacturing Company, Inc. 


2525 ELM STREET, TORRINGTON, CONN. 


AT TORRINGTON 





HEADQUARTERS FOR | 


| TIMING 
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motors are available in 27. standard 
output speeds from 7.3 rpm to 52! 
rpm. Cone-Drive Gears, Div. Michigar 
Tool Co., 7171 East MeNichols Rd 
Detroit 12, Mich. 
Circle No. 545, Reader Inquiry Service Cards 
on page 17 
HIGH-SPEED, SIMPLIFIED 
WIRING SYSTEM 
The “Cradleclip” wiring systen 
sists of the following: binders 
extensible clips for unsupported wiring 
and cradles with extensible clips 
anchored wiring. The binders and « 
dles are molded from nylon 
virtually unbreakable the exter 
o Oo 
“~ 








INSULOID CRADLECLIP WIRING 





cu 





clips are molded neoprene which cor 
bines the right degree of toughness 
and flexibility to hold any type oil 
cables securely and without damage 
Suitable for service in all climati 
conditions with temperature range 
of 60 C to 100 € 
The “Cradleclip” wiring system 
said to take only seconds for ea 
fixing point The cradles, used for 
anchored wiring. are screwed in place 
the cables are laid in position and 
clip is hooked to the cradle Fo 
supported fixing, a binder is held 
place on one side of the cable 
then secured in position with a clip 
The “Cradleclip” binders, clips a1 
available in a wide issort 


cradles are 


ment of sizes to meet the requirement 


of cable groupings having a diameter 

of 14 in. to 2 14 in. Electrovert Inc 

189 Fifth Ave., New York 17, N. Y. 
Reader Inquiry Service Card 
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GLASS CLOTH TAPE COVERS 
WIDE TEMPERATURE RANGE 


Called “Scotch” brand electrical tape 
No. 69, this tape with a thermosetting 
silicone adhesive has an _ operating 
temperature range of from —55 C to 
i80 C (Class H). The tape is a 0.004 
in. woven glass cloth backing which is 
coated on one side with an electrical 
evrade thermosetting. silicone pressure 


sensitive adhesive. Used in applications 


such as slot liners. phase insulation 


eireuit 


lead anchoring, coil wrapping. 








Before ordering custom seals 


check the fe standard line of 


—_ 


glass-to-metal 


SEALS 


nging from single leads to transistor 


e Compression Seals 
e Multiple Headers 


e Sealed Terminals 
THE E-I STANDARD LINE includes sealed termina 1 
tions for every electronic and electrical application. ¢ Condenser End Seals 
Standard compression type seals are available to m e Threaded Seals 
the requirements of the gruelling environ: ts encour 


k tered in many military and commercial installations. Fo e Transistor Closures 


sures 


* - } 
an economical service-tested 


Sa ae Se a e Miniature Closures 
problem, consult E-I. : 

f | ! 
ENGINEER-DESIGNER CATALOG and Handbook — ° Color Coded Terminals 
e Custom Sealing 


available containing complete information or 
ard terminals and custom sealing with | 


: and installation data. Call, or write ( 
“% , a head, for your copy, now! 


Coa rea ELECTRICAL 
U. S. Patent Pending 


All Rights Reserved INDUSTRIES 


MURRAY HILL, NEW JERSEY 


‘ y 
fj} 
2 
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lity in 


gm flexi 


*The CORSAIR ‘2 


by Continenta 


This cigarette merchandiser,* because of its excellent design, is 
finding acceptance in many spots where vending machines were 
once refused. 

Key to its ultra-modern styling is a brand selector panel that 
features 20 illuminated push-buttons made of Lancaster glass. 
Each jewel-like button is also a miniature display window. 

Want to find out how custom-made glass and plastic com- 
ponents by Lancaster will give your product greater beauty and 
utility—for greater sales? 

For immediate action and a copy of the new glass catalog, 
phone Olive 3-0311 or write Lancaster Glass Corporation 
(formerly The Lancaster Lens Co.), Lancaster 1, Ohio 


giass and plastics 


to brighten your product's future 
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breaker insulation. high-heat switch- 
gear and electrical heating system 
insulation, 

The tape thermosets between 450 Ff 
and 500 F. At 500 F. a cure of 30 
minutes increases adhesion to steel 
about 5 times. Continued heating at 
500 F for three or more hours further 
increases adhesion and also develops 
resistance to solvents. A 24-hour cure 
at 500 F produces maximum solvent 
resistance 

No. 69 tape has good are, ozone. 
and corona resistance, has high tensile 
strength and the backing will not 
shrink or rot. It is self-extinguishing 
per ASTM D 568(A). Minnesota Mir 
ing and Manufacturing Co., 900 Bush 
Ave.. St. Paul 6. Mini 


Circle No. 547, Reader Inquiry Service Cards 
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MAGNETIC DISC BRAKE 
The stvle “UH” 


i spring-set, 


that automati 

power failure When 

presses direct " 
ire plate W 


lining betwee 


produce br iking 


on the friction lining. The power of the 
solenoid is multiplied and transmitted 
by the vertical lever to compress the 
spring. 

With the “UH” brake, it is easy to 
adjust the brake torque to the load 
requirements. Adjustment is made by 
turning a nut reached by removal of 
the brake housing. If desired, the brake 
may be released manually by turning 
indicator knob in a clockwise direction 
a full quarter turn. The standard style 
“UH” brakes are rated at 10, 15, 25, 


50 and 75 lb-ft. maximum torque. 


sans 
These are static torque ratings. 

An indicator knob on the brake 
housing shows when it is necessary to 


compensate for lining wear. 

These units have been UL approved 
for mounting on electric motors used 
in Class 1, Group D hazardous loca- 
tions. Group D covers atmospheres 


ELECTRICAL MANUFACTURING 
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Now... automatically apply 
standard socket set screws, 
speed small parts assembly 


Fastest way to insert and drive 
standard Bristol socket set screws 


Your operator never touches a single set screw; but, with 
the Bristol Automatic Feeder and Driver, screws are in- 
serted and driven at an average rate of 1800* per hour! 

Just load hopper with socket set screws. Automatically 
they’re positioned correctly and fed to the bit of the power 
screwdriver. Then they’re inserted in tapped hole and 
tightened to predetermined torque or depth setting. 

That, in brief, is how the revolutionary Bristol Auto- 
tomatic Feeder and Driver works. Check over these advan- 
tages: 

FAST PRODUCTION. Brings automation, speed and econ- 
omy to assembly of set-screw fastened parts like pulleys, 
impellers, fan blades, knobs, collars, gear sprockets, bear- 
ings, cams, dogs, couplings and cranks. 
NO SPECIAL SCREWS REQUIRED. Works perfectly with 
standard Bristol socket set screws. Hex or Multiple-Spline 
socket; cup, flat, oval, cone or half-dog point. 
UNIFORM TORQUE SETTINGS. Drives all screws to same 
preset depth or torque. Depth or torque settings easily 
adjusted as required. 
REDUCED OPERATOR FATIGUE. Tedious individual han- 
dling of screws is completely eliminated; particularly de- 
sirable with smaller screw sizes. 
ELIMINATES CROSS-THREADING. 

ict iila titiaiae. 4 STOPS FLOOR LOSS OF SCREWS. 

pedestal type, over-all REDUCES FLOOR AREA REQUIRED FOR ASSEMBLY. 

eee ae ty _ And that’s not all: Time-conscious production men will 

available like the speed with which the Bristol Automatic Feeder 
and Driver can be changed over to handle different sizes 
of screws. (Adjustments for a screw length change take 
only about 5 minutes. A screw diameter change requires 
between 20 and 30 minutes.) 

Get complete data on this outstanding mass production 
tool today. Write to the Application Engineering Depart- 
ment, Socket Screw Division, at the address below. A7.10 


* Assembly speed varies with factors such as time required to present 
parts, screw thread pitch, length of screw, and depth of insertion. 


Eee ey sore eunentcoherers Sa ty THE 


5 W i . J COMPANY 


1 

' 

' 

1 

' 
' SOCKET SCREW DIVISION 

‘Maen ses sala Wo. Oi Ale Stl ad Sines St. screws up 

be WATERBURY 20, CONN. 
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dust covers 


for 


Class 22 Relays 


when strip, panel or 
chassis mounted 


Enclosure No. 45-174 
Relay mounting screws (A) attach relay and 
enclosure support frame (B) to strip, panel, or 
chassis. Dust cover fits over frame and is 
secured with screw (C). 


Available with Class 22 Relays. AC 
or DC. contact combinations to 6PDT, 
also Class 22 Twin Contact. 22S Time 
Delay, 22R and 22D Power Relays. 


when plug-in mounted 


yt 
Enclosure 45-176 

Enclosure support frame is assembled with 
relay and hold-down bracket. Dust cover fits 
over frame and is secured with screw. Mounts in 
any position — no hold-down clamp required 

Available with 8-, 12-, or 20-pin 
Octal Style phenolic plugs, AC or DC 
Relays: contact combinations to 
6PDT, also Class 22T Twin Contact. 
22S Time Delay, 22R and 22D Power 
Relays. Send for literature. 


lectric Company 
3350A W. Grand, Chicago 51, Ill. 
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containing gasoline, petroleum, naph- 
tha, benzine, butane, propane, alcohol. 
acetane, benzol, lacquer solvent vapors 
and natural gas. Stearns Electric Corp.. 


120 No. Broadway. Milwaukee 2, Wis« 


Circle No. 548 on Reader Inquiry Service Cards 
on page 17 


HIGH TEMPERATURE 
TRIMMER POTENTIOMETER 


W irewound 
Ml4 will watt at an 
ambient temperature of 150 C, (300 F) 
and derate at 250 ¢ (480 F). It is 
diam by 15 in. long 
Teflon gasket 
seals the init 
shaft end. The 


trimmer potentiometer 50 


dissipate 


housed in a 15 in 
stainless steel case \ 


under pressure against 


moisture at the ceramic 


cover, terminals and = winding have 


} 


been encapsulated in a high tempera 


ture cement which serves to protect the 
assembly under most severe vibration 
and shock conditions, as well as pro 
viding a vapor seal at the terminal 
end 

built to 


stainless 


The mechanical stops are 


withstand 60 oz-in. torque. the 
steel housing has been rolled over the 


ceramic terminal board and the unit 
can withstand a 1500 volt rms dielectric 
breakdown test at room temperature 
7924 So. Ex- 
Chicago 17. Hl. 


549, Reader Inquiry Service Cards 
on page 17 


Maurey Instrument Corp.. 
change Ave.. 
Circle No 


ADHESIVE SIMPLIFIES SMALL 
PARTS ASSEMBLY 


Designated as Ray-BOND R-84001, it 


is a hot-melt adhesive which provides 


instant grab when applied to glass. 


etched Teflon 
ethylene and 


1 his 


sembly line operations by holding parts 


Mylar. polystyrene, poly 
almost any other ma- 


terial. property simplifies as- 
in place until they can be permanently 
fastened. It is particularly helpful in 
assembling small parts. 

Ray-BOND R-84001 may also be used 
provided tem- 
\ one- 
square inch lap joint made from strips 
of Mylar will hold a dead load of 
50 lb at 73 F and a load of 6 lb at 
150 F. 


as a permanent binder 


peratures do not exceed 150 F. 


Ray-BOND R-84001 may be kept at 
250 F 
for continuously 


without deteriorating. However, 


operating assembly 
advisable to heat only 
enough for an 8-hour period. Ad- 

Dept.. Raybestos-Manhattan, 
Inc., Bridgeport 2, 
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lines it) Is 


hesives 


Conn. 


POLYPROPYLENE PRODUCTS 
EXHIBIT FINE DETAIL, HIGH 
FINISH, SURFACE HARDNESS 
“MOPLEN” 


heat 
to solvents. 


polypropylenes have 


usual resistance, good resistance 


acids, and other chemicals 
high strength characteristics. and un- 
electrical properties. Products 


“MOPLEN’ 


finish and 


usual 
exhibit fine 


hard 


made from 
detail. 


ness, and are 


surface 


high 


desired 


available in any 
color. 


These properties, plus the fact that 


the molecular weight and degree of 


crystallinity of the polymer can be 


varied over a wide range. opens to 


polypropylene a wide field of applica 


tions, e.g. cable insulation batter 


boxes. refrigerator parts radio cab 


inets. spools and other parts tor 


textile machinery. impellers for cet 


Chemore 
York 6. N y 


Reader Inquiry Service Cards 
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trifugal pumps. Corp 


West St.. New 
Circle No. 551 


INSERT DESIGNED TO 
AIRCRAFT STANDARDS 


H-Series. 


are designed to meet the exacting re 


Known as the these inserts 


aircraft industry 
three 
balanced 


quirements of the 
holes In 
thread 
external 


Design features are 
the pilot 
cutting 
thread roots give 20 per 


thickness, 


insert 


provide a 
action: truncated 
cent more 


with 


wall proportionate it 


strength: internal 
full length ot 


the inserts to Class 2B or 3B specifica 


crease in 
threads are supplied the 
tions, a required. 

The inserts work on the same self 
regular Tap 
installed into 


tapping principle as the 
Lok insert. They are 
a drilled or 
special driver. The 
quick, 


tween insert and driver at the moment 


cored hole with 


driver provides a 


low-torque release action be- 


of reversal. 


The H-Series insert is furnished in 
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Need 

an 
invisible motor 

for 


your 


oOrocduct .~ 


Call Jack & Heintz—America’s leading specialist in 

Customized motors, |, to 5 hp (!, to 15 hp in submersible 

We'll gladly devote as much time as it takes to m 

so integral with your product as to make that motor invi 

a motor that electrically, mechanica 

blends with and fits your product perfectly. 

Customizing electric motors to meet the specific requirements 

of original equipment manufacturers is our business. Because we’re 
organized that way, costs are reasonable to make a motor flush with a 
product or give it a special finish. We can stretch a n 
tall, squat it flat, customize it for ambient temperatut 

Make it submersible. Increase torque, reduce noise. You 1 

So, go ahead freely! Design your product to do its job. We'll fit 

a motor to it that will make your product perform the way you want 


last as long as you 


itto... look as good as it should... 


say it will... and sell faster because of it. 


ACK & aa Hin i Z@ CUSTOMIZED ELECTRIC MOTORS 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
Ne w Hampshire Ball Bearings, 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearir the ; 
the bearing and the 


} 


shaft diameter. 


Housing Diameter 


Shoft Diameter 


Bearing !D 


The achievement of the 
by og emenernn 
2. The bearing ID is — by 
the top blocks and the shaft OD is 
represented by the lowe blocks. Sucl 
a block diagram could also be applic d 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


desired fit 
is illustrated in Fig. 


.12500 .12495 .12490 


12485 


An interference fit not 
line to line is suggested 
lowing reasons: 
1. Difficulty in assemb u. 
De Difficulty in disa 


n more hazardous thar 


embly operation and 

ult i total bearing 
n radial play. 

hearing ring con- 

ble poor ge- 

ting haft o7 


TOLERANCE DISTRIBUTION 


The maximum .0003 loose cor 


dit 
shown In Fig. nay be excessl' 


some application . The fitting 


FIG.3 


Inc. 


If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and 
mality of the distribution curve can- 
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the freque ney distribu- 
tions for bearing ID’s and OD’s 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly 
tributions occur. 

Operating on a modified probability 
distribution of tolerance 
the volume of parts is sizeable. Bu 
the approximate distribution of shaft 
and housing sizes n ist te verified if 


; . ’ 
this method is to be used. 


parts 


bores, however, nor- 


skew ed dis- 


is possible l 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

Zs The galling characteris S 
hardness and ductility the 
material involved. 

=. Finish lay pattern $ produced 
by variou tools and tech- 


nique used. 
RMS 


achieved. 


urface finish value 


Geometru of hafts and hous- 


t-of-round- 


trial and 
f 


| applications. 
ion of fitting 
methods 


our de sign 


Sizing 


handbook. 


DESIGNERS HANDBOOK 
FREE — ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a great help in solv- 
oblems in de 
ng instruments 
small electro-me- 
‘al asse mblies. 
will be sent 
free to enginee 
draftsmen and pur 
chasing agents. 


Write t 


’ 


ror 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


District Offices: Pasadena, Calif 


Park Ridge, Ill, 


and Great Neck, N. Y 
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three standard 


lengths in case-hard- 
ened cadmium-plated steel, 


steel—for 


or stainless 
self-tapping into aluminum, 
magnesium and other 
terials. It 
threaded 
stripping and 
without 


structural ma- 
accommodates — standard 
fasteners without danger of 
withstands — vibration 
loosening. It has 
strength 


nature of the base 


maximum 


pull-out limited only by the 


material. Groov-Pin 


Ridgefield, N. J. 
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Corp.. 


HIGH POWER SILICON 
RECTIFIERS 


Silicon capable of 
handling up to 20 amp at case tem- 
peratures of 135 C cover the 
50 to 350 volts peak 


rectihers are of a new type. of 


power rectifiers 


range of 
inverse. The 


diffused-junction construction, devel- 


oped for use in all types of military 


and commercial equipment where 


basic limitations of other types of 
rectifiers must be 


These 


reliabilits 


overcome. 
high 


severe en 


units are designed for 
under the most 
vironmental condition of moisture and 
acceleration 


g. shock and tem 


vibration fatigue. high 
vibration. centrifugin 
perature cycling 
They have been successfully oper- 
ated at ambient temperatures ranging 
trom 50 C to +165 C, and can be 
stored at temperatures ranging from 
65 C to 80 C. The units are avail- 
able in current ratings of 5, 10, and 
20 amp. with peak inverse 
50, 100, 150, 200, 


General 


voltages of 
250, 300, and 350 
Automati 
65 Gouverneur St., 


Instrument 
Manufacturing Div.. 
Newark 4, N. J. 
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BRAKES AND MOTORS 
COMBINED IN ONE UNIT 


Single-frame, Brakemotor packages are 
g 


designed for each other and as a 


result have clean lines when 


compact, 
made into a single 


brake 


Brakemotor unit. 


The wafer-type reduces overall 
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SCHEMATIC DIAGRAM OF SOLA CIRCUIT modified to supply regulated 


plate and filament voltages. Regulation on one stepped-up output anc 


for input variations of +13%. Other 
for input variations of +157 


YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA: 
Closely Regulated Voltage Plus 
Transformer Step-Up or Step-Down with 
Sola Constant Voltage Transformers 


Today’s complex electrical and electronic equipment, 
with its narrow limits for adequate performance, makes 
a fixed level of input voltage virtually essential. There 
are many fine voltage regulators available for this duty 
alone. However, the Sola Constant Voltage Transformer 
delivers one-to-one, stepped-up, or stepped-down voli- 
ages closely regulated. One Sola unit may replace both 
voltage-regulating circuit or component, and conven- 
tional power transformer. 


The Sola Constant Voltage Transformer is a static- 


SOLA 22% 


TRANSFORMERS 


magnetic voltage regulator. It offers many important 
advantages over other stabilizers which depend solely 
upon saturation of core materials for their regulating 
action; or electronic types employing tubes. 


To meet the exact requirements of many load devices 
or service conditions, Sola voltage regulators are avail- 
able in stock models, or custom designs in production 
quantities. Your Sola representative will be happy to 
provide you with information on their feasibility for your 
particular application. 


Write for Bulletin 6A-CV-170 
SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS @© CONSTANT VOLTAGE DC POWER SUPPLIES 

SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © BRANCH OFFICES: Boston, Mass.; Cleveland, Ohio; Kansas City, 

Mo.; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; San Francisco, Calif.; Wallingford, Conn. @ Representatives in Other Principal Cities 
Sola Electric (Canada) Ltd., Toronto 17, Ontario: 102 Laird Drive, Mayfair 4554 
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NYLON BOBBINS — 
Reduce Your Coit 
Production Cost 


A. Flange Size 
Maximum 2x 212 
B. Core Size 
Maximum 1-1/2" 
: “ee 
@ Costly secondary operations Minimum : ee , 
can be eliminated by incorpo- Cc. Core Length : engineers with increased versatility 
rating economical terminal Maximum . by when adapting to their equipment. 
designs into the molded part ‘ cos oad ; 
hse ty sc eNO “sig ; ecg » - availability of the units in many dif 
7 iy se ~ Minimum : ferent types of packages. The brake’s 


en Cn Tre > : doughnut-type magnet permits extend 
Pree e ThA Me lib 7 ; : ing the shaft clear through it. As a 
molded to your particular 
specifications. Dimensional 
ee eee ee ee! plings. still maintaining the smooth 
ee sie: 5 single-frame design. 


dimensions to a minimum and provides 


Typical of this versatility is the 


result, it can be mounted on the input 
or output sides of gears or fluid cou 


Our engineering service is , Drive motors are available in NEMA 
available on request. Send \ frame sizes 182 through 326U. 
your specs to Cosmo for 

prompt action 


either 
drip-proof or totally enclosed. Operat 
ing ratings of brakes are 3, 6, 10, 15, 
25 and 50 ft lb, continuous duty; and 
3. 6, 10, 15, 25, 35, 50 and 75 ft Ib 


sakes SivisioN oFerceEs intermittent duty. Reuland Electric Co 
300 ssion R ‘ a. Calif 
Arizona, Missouri, IMinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Canada , 1 W. Mission Rd.. \lhambra Banh 
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3239 WEST 14 STREET + TOwer 1-5597 * CLEVELAND 9, OHIO 
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CARBON ABSORBS VAPORS 
FROM RELAYS 
Molded shapes of activated carbo 
BRIDGEPORT makes a specialty of gal high absorption capa 


e activated carbon granules of equal 
itzendraht © 
; free, the 


shapes are formed from 


€ powdered, highly absorbant activated 
carbon bonded with an organic resin 
A cubical shape is also available, (in 


Number of strands unlimited. ee ee 
34 ga. to 50 ga. AWG. 

Wide selection of film insulation. 

A great variety of textiles. 

Class “A” —“B”—“H” & “O” 


approximately ®¢ in. on a side. It was 


The best, at lowest prices! Any 
combination of size, film and 
insulation, to YOUR require- 
ments. Highest quality and per- 
formance assured. Consult our 
service experts. 


Send for Samples and Prices 


The BRIDGEPORT INSULATED WIRE CO. 
53 BROOKFIELD AVE. e@ BRIDGEPORT, CONN. 


Manufacturers of ¢ Round Magnet Wire ¢ Textile Served Wire ¢ Solerable Enamel 
* Silicon Enamel ¢ Stranded Alloy Wire ¢ Heating and De-Icing Wire, etc. 


I SICAL MAN ACTURIN 
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fi er SY eT = gee tal Bil 


Torrington technology, tools and testing facilities are the 
finest in the world for tailoring air impellers specifically - and 


precisely - to your new product requirements. 
These three T’s of Torrington are the tangible assets of an un- 
matched experience in equipping the successful products of 
every major manufacturer in the air moving industry. 

And the three T’s of Torrington are yours for the solution of 


any problem relating to the moving of air. 


Talk to Torn ington! 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT *« VAN NUYS, CALIFORNIA + OAKVILLE, ONTARIO 
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by R. George Roesch 


Eliminate 
Manual Operations 
for Uniformity 


The efficiency of many manual 
wire-processing operations may 
now appear to be perfect for the 
specific jobs for which they are 
used. The actual efficiency, how- 
ever, is limited by the manual 
operations. It is impossible for 
anyone to do something time after 
time, exactly the same way. Hon- 
est human effort can result in 
some errors. 
Mechanized Wire Processing 
One logical way of attaining prac- 
tical quality control of wire proc- 
essing—has proved to be mecha- 
nized Wire Processing Equipment 
developed for the specific job. 


Assuming uniformity of product 
up to the Wire Processing Equip- 
ment, such mechanical processing 
can result in uniform high quality 
every time 


A typical example is this mecha- 
nized wire cutter and stripper de- 
signed for shunt coils wound with 
AWG No. 30 Formvar-insulated 
wire. Except for hand loading, the 
operation is completely automatic, 
at the rate of 1,620 coils per hour 
with one operator 


If you have a production wire- 
processing job. we would like to 
discuss it with you 


THE ERASER CO., INC. 
1068 S. Clinton St., Syracuse 4, N. Y. 


REPRESENTATIVES: 


There are still a few 
open 


choice territories 


offering unusual opportunities for 
Write R 


service and proji. 


Roesch. 


Ge oree 
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designed as a “getter” for hermetically 
sealed relays and precision instruments. 
Placed in the case before sealing, the 
activated carbon cube absorbs vapors 
driven off from the plastic insulation of 
the instrument wires by the heat gen- 
erated during operation—vapors that 
might otherwise corrode the precious 
metal contact points. The cube weighs 
1.2 grams, and a single cube in an in- 
strument is sufficient to absorb all 
volatiles normally generated when the 
instrument is placed in service. Na- 
tional Carbon Co., 1300 Lakeside Ave., 
Cleveland 14, Ohio. 
Circle No. 555, Reader Inquiry Service Cards 
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INSERT LOCKS INTO 
MATERIALS AT SPECIFIED 
TORQUE LEVELS 


Inserto internally and 
externally threaded steel insert that 
locks itself into the parent material 


at specified torque levels when driven. 


U-Tap is an 


The internal threads are hexagonally 
thru-broached the entire length of the 
insert to accommodate a hex-drive bar. 
This hex-bar is the only implement 
needed to drive the insert and it can 


: 


| ile 


* 
FIO 
hand or power tool. 
the strength of the 


internal thread is not reduced by the 
broaching 


be used in any 
Tests prove that 
operation. 

Inserto has standard internal 
and external threads and is installed 
into a standard Class 


form 


3 tapped hole. 
\ pilot is provided on the lower end 
of the insert to pre-align parts with 
tapped holes when automatic feeding 
devices are utilized in high production. 

The insert is case-hardened to per- 
manently protect the internal threads 
against wear or damage and is avail- 
able in Internal thread 
locking feature is optional. Rosan Ince.. 


Newport Beach, Calif. 


several sizes. 
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PLUG-IN MAGNETIC 
AMPLIFIER 


Model 410 magnetic amplifier for signal 
mixing and summing is a self-contained, 
plug-in magnetic amplifier and power 
supply weighing less than 9 oz. It is 
designed for missile guidance, analog 


MEN EME AL AIEANLPFALIURIN 


controls. telemetering, and null-balance 
detectors. It 
standard 115 


operates directly from 
volts, 400° cycle 

\ feature of the unit is that regu- 
lated 


and external gain and balance controls 


power. 


power supplies, bias supplies, 
are not required; the amplifier is in- 
stable. 
25.000 ohms; 100 yamps d-« 
current gives 2.5 volts d-« 
than 10 


required for full 


herently Transimpedance, — is 
control 
output; less 
uwatts of signal energy are 
control; frequency 
response is d-c to 50 eps. depending on 
circuits used. 


Model 410 is 


ruggedized, and has a 


hermetically sealed, 
standard 11- 
pin plug with octal type key. Acromag, 
Inc.. 22519 Telegraph Rd., Detroit 41, 
Mich. 
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MINIATURE ROTARY SWITCH 
FITS IN 1'e IN. CIRCLE 


Designated Series A, this tiny 
switch will fit in a 1% in. 


rotary 
circle, 
requiring less than one square inch of 
panel area. It can be supplied in 8, 
10. and with the 
latter insulated 
contacts. 


]2-position walters, 


providing up to 18 


Assembly is by means of strut 


screws. The 8, 10, and 12-position 


wafers may be used interchangeably 


on the same frame. The index is a 
double ball bearing hill-and-valley type 
offering positive positioning for a unit 
this size. 
Standard shaft 


but >42 and 14 in. shafts are also avail- 


diameter is 44 in., 


able. Solid rivets fasten the clips to 
the switch sections. Silicone fiber glass, 


ELECTRICAL MANUFACTURING 





aha 


sr 


Aastener! 


PROTECTS ... Prevents cracking, chipping or crazing of costly porcelain or enameled 
surfaces on air conditioners, refrigerators, freezers, and similar highly finished products. 


CUSHIONS VIBRATION ... Reduces noise, prevents squeaks, leaks and electrolysis. Ideal for 


attic fans, power mowers, washing machines. 


SEALS AGAINST LEAKS... against hot or cold water... against humidity . . . against frost 


creep... against detergents. 


TRANSLUCENT... Made of DuPont Zytel Nylon... Ends color-matching problem in assembly 
of colored ceramic, enamel or plastic surfaces. 


SECURE ... Provides a tight, long-lasting fastening. Handsome on all exterior 
applications ... Highly resistant to acids, oils and greases in interior assemblies. 


New Parker-Kalon NYLTITE STAPS consist of a unique, 
self-conforming nylon washer made of DuPont Zytel, 
preassembled to standard P-K Self-tapping Screws. 
Won’t come off in use, even in high-speed production. 
Eliminates time consuming hand-assembly of washer 
to screw. The specially designed washer is folded 
upon itself so that edges are on the inside circum- 


ference. When the fastener is tightened, the shank is 
hugged by the “controlled flow” of the nylon. NYLON 
ACTUALLY FLOWS INTO THE THREAD INTERSTICES, 
FILLS ANY IRREGULARITIES OF THE ENGAGEMENT HOLE 
. .. FORMS A WATERTIGHT, HERMETIC SEAL! Furnished 
in a wide variety of styles and sizes. Also available in 
Neoprene washer styles. 


PARKER- KALON fasteners 


Sold everywhere through leading Industrial Distributors 
Makers of Self-tapping Screws, Socket Screws, Screwnails, Masonry Nails, Wing Nuts and Thumb Screws. 
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HOW RIVERSIDE-ALLOY HELPS YOU 
PICK THE RIGHT STAINLESS 


VAST VARIETY — Knowing your 
problem, Riverside-Alloy cansupply 
a stainless steel particularly suited 
to your needs ...in wire, rod, or 
strip form. Or, lacking a stock steel, 
Riverside-Alloy will work with your 
engineers to develop new varieties. 


SPECIAL STEELS— Riverside-Alloy 
can supply special stainless steels, 
too—fully soft or spring temper... 
magnetic or non-magnetic... for 
springs or staples, woven baskets 
or egg beaters, in just the size and 
finish you need. 


FREE CONSULTATION Let a 
Riverside-Alloy representative dis- 
cuss your problems with you. Since 


1919, these steel specialists have 
been available for consultation and 
advice, without obligation. For the 
name of your nearest Riverside- 
Alloy representative, write, wire or 
call collect. Alloy Metal Wire Works, 
Riverside-Alloy Metal Division, H.K. 
Porter ¢ ‘ompany, Rive rside, N ds 


DESIGN Pe aca 
niess Stee! 


FOR FREE CATALOG, 
(4 ‘*‘Design Handbook 
a ayy M of Stainle 


of Stair 


Hi. K. PORTER COMPANY. INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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meeting specification MIL-997 Type 


CSC, is used for the switch stator 


| The retor is punched from Kel-F. Oak 


Mig. Co., 1260 Clybourn Ave 
10. Hl. 
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1.0 WATT AND 3.5 WATT 
SILICON ZENER DIODES 


Low temperature coethcient and zener 
impedance over the voltage range from 
3.9 to 30 volts are features zene! 
Full calibra 


tion data is supplied with each diode 
showing a plot of the zener 


diode types “S” and “T” 


voltage 
and zener impedance 

The Style “S” series, of pigtail type 
construction, is rated at 1.0 watt over 


a voltage range from 3.9 volts to 30 


volts. in 10 per cent voltage steps. The 
Stvle “T” zener diode series is stud 
mounted, and is rated at 
over a voltage range 
volts in 10 per 

(when mounted on 

in copper fin 

Capable of operation in ten 
ranging trom 55 

zener types are 

in all-welded ho 

tests conducted 

assigned ratings to ) rv conser 


tive The 


iutomaticall 


diodes = are 
graded for zener voltage and imped 
instrumentation I 
Rectifier fezl 4 
Grand Ave.. El Segundo, Calif. 
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ance by special 


ternational Corp. 


MIXED FLOW BLOWER UNIT 


1] 


The Radiax blower is a symmetrically 
constructed direct-drive unit with 
power and pressure characteristics 
suited for furnace and air conditione 
applications. It is offered in four mod 
els covering a flow range trom 500 
to 1500 cfm against typical back 
pressures. 


Performance characteristics include 





thousands of combinations for 
REMOTE CONTROL 
SWITCHING 


elie a 7 aed eal 


SOLENOIDS* SWITCHES 


i-Mate a eo 
G. H. LELAND, INC. 


The variety of Oak switches 

is almost limitless. Combined 

with Oak rotary solenoids, they provide 

an assortment of Rotary Selectors that 
covers almost any low-current application— 
simple or complex, military or commercial. 
Oak Rotary Selectors give a positive 
stepping action, even under severe vibration 
and shock. To help you get the exact 
remote-control unit you require, Oak 
engineers will be glad to work out special 
recommendations. Write for copies of 

the Oak switch catalog and rotary solenoid 
bulletin with time-saving layout sheets. 


SWITCHES @ ROTARY SOLENOIDS ¢ MFG. 
CHOPPERS @ SPECIAL ASSEMBLIES e co. 
VIBRATORS @¢ TUNERS 


1260 Clybourn Avenue, Dept. H, Chicago 10, Illinois 
Phone: MOhawk 4-2222 
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New HIGH POWER 60 AND 400 CPS TRANSI-MAES 


STANDARD LINE OF PAST RESPONSE 


TRANSISTOR MAGNETIC 
AMPLIFIER 


FOR SERVO MOTOR CONTROL 


For driving AC servo motors in 
industrial and military servo sys- 
tems which require hi-power, 
fast response and (static) high 
_ reliability. 


A COMPLETE SERVO AMPLIFIER 
DRIVE SYSTEM IN A SINGLE 
PACKAGE 
TEMPERATURE STABILIZED 
FAST RESPONSE 
HIGH GAIN 
INSTANTANEOUS START 
SMALL STANDBY POWER 
RUGGED 
HIGH RELIABILITY 
QUADRATURE REJECTION 
SERVO MOTOR COMPATIBILITY 


60 CPS TRANSI-MAG 


For complete 60 CPS and 400 CPS 
60 CPS PERFORMANCE SPECIFICATIONS Teanibamng apees Weite For Gulletin 5-890. 


MODEL A.C INPUT| TMA-1501 | TMA-1551 | 1MA-1571 | TMA-1601 | TMA-1701 | TMA-1801 | TMA1901__ 









DC INPUT] TMA-151] TMA-1561 | TMA-1S81 | TMA-1611 | TMA-I711 | TMA-1BI1 | TMA-191] 
— —t } | i | | — 
| 
MAX. POWER fy ae a 
0 ? 75 19 280 
quTeUt WATTS $0 100 120 | 5 650 | 00 800 


























TYPICAL SERVO Diehl | Diehl Diehl Dieht | Diehi Dieh Dieh! 
MOTOR LOAD FPF49-9 | FPE49-12-1 FPF 66-11-1 | FPF8S-18-1| ZP105-2212-1 | 2P143-2247-1| 2P162-2207-1 
_ - 4 - Be - } 4 « - i 4 
SENSITIVITY AC Input— 0.3 volts AC. for full power output 
D.C Input —0.15 vo'ts D.C. for full power output 
RESPONSE 05 seconds 
"AMBIENT ss. Brae 
TEMPERATURE | tS ere 
632 TINTON AVENUE © NEW YORK 55,N.¥. © CYPRESS 2-6610 
West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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non-overloading power characteristic 

a flat power curve permits the im 
pellers to run at any operating point 
with the same motor: higher operating 
efhciency than direct-drive centrifugal 
units when applied in warm-air fur 
nace or air conditioning applications; 
the use of low cost motors for an ex 
tended range of performance; com- 
pletely balanced air flow (no motors in 
the air inlet) 


Construction features include: sym 
metrical motor support—the motor is 
properly supported at its center of 
gravity. The motor can be installed and 
serviced with ease. In addition, equal- 
ized loading of the motor bearings 
provides longer bearing life; smaller 
the unit is narrower than an equiva 
lent centrifugal blower unit; mount- 
ings—both motor and fan are resili 
ently mounted. Air Impeller Div., The 
Torrington Manufacturing Co., Tor- 


rington, Conn. 


Circle No. 560, Reader Inquiry Service Cards 
on page 


17 


MINIATURE CONNECTORS 
FEATURE QUICK-DISCONNECT 
LOCKING DEVICE 


Series of environmental miniature con- 
nectors feature a simple, but positive 
automatic locking device. This quick- 
disconnect locking device locks auto- 
matically when engaged. 


The connector has an orange-colored 
band which is visible only when the 
connector is disengaged and is covered 
when engaged. This offers a quick 
visual aid to determine at any time 
whether the connector is completely 
engaged and locked. 


The environmental characteristics 
are achieved by a resilient inter-facial 
gasket between the plug and recepta- 
cle mating faces which is compressed 
when the connector is locked. A resili- 
ent grommet which is compressed in 
the rear of the plug and receptacle 
after soldering has been performed, 
captures and isolates each individual 
solder pot. All contacts are isolated by 


ELECTRICAL MANUFACTURING 





Meters 
tell the tale 
but 


SPECIAL 


ELECTRICAL 
ALLOYS 
do the 


“Steelmaker to the Electrical Industry” is a title we have k 
earned the hard way . . . by the sweat of research and Wor 
pioneering development. In this modern world of gauges 

and instruments, of automation, electronics and atomics, 

the heart of the design is so often some silicon steel, high- 

permeability alloy, or other special electrical material that 

we produce. @ When you need a steel to do what ordinary 

steels cannot do—whether electric ally or in resisting corro- 

sion, heat, wear or great stress, call on us. Allegheny Ludlum 

Steel Corporation, Oliver Bldg., Pittsburgh 22, Pa. 


Write for “MAGNETIC MATERIALS” 


page book cont ins valuable 


Allegheny Lu {lum mag- 


STEELMAKERS to the Electrical Industry —/\ 22 ee 


al alloys. ile istrated in ft rl 


color, includes essential information 
n properties, characteristics, applica- 
e en um tions, etc. Your copy gladly sent free. 
STEELS R THE | 
Rectacic AGE ADDRESS DEPT. EM-1 
Warehouse stocks of Al Stainless Steels carried by all Ryerson plants 
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resilient gasket and grommet 

The connector has been tested under 
water at 16 psig pressure for one hour 
and has been found waterproof. Water 
proof components can be ordered and 
introduced into the connector if it is 
desirable to waterproof a connector 
already in the field. 

The connectors are available in | 
thru 13 #20 contracts with a choice of 
mounting styles, or as a cable con 


nector with plastic or glass (hermetic ) 


insulation. Viking Industries, Inc 
21343 Roscoe Blvd., Canoga Park |] 
Calif. 
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Cc L ES V E L { T FE SOLID STATE BATTERY 


Called the Dynox 95, the first model 
of the battery is 114 in. long, *& in. in 


Phenolic Tubing 





diameter, and has a potential of 95 


has proven dependability. It is quality 


volts in 0.14 cu in. It can supply a 


engineered to meet virtually every requirement in steady current of 1 x 10° amp for 
the electrical field. 176,000 hours at 70 F with only a 10 
per cent voltage drop, or a flash cur 
Clevelite has high insulation resistance, exceptional rent of 20 pamp. Also, it can be stored 
chemical properties and good machinability to give for 20 years without losing its power 
product performance at its best. Available in diameters, a a See ae stagger 
wall thicknesses and lengths for your particular require- ae fas ae high 7 amen 


ments. 


ranges, including the ability to operate 


after temperature cycling between 


The combined electrical and physical properties of 100 and 170 F. Betteries con be 
Clevelite are essential to make your product better assembled to meet any special dimen- 
._ at lower costs! sional and electrical requirements. For 


example, batteries that can furnish 


We also make a complete line of kraft, fish paper, 625 volts per cu in. and can be drained 
asbestos and acetate tubing. continuously for 5 years at 5 x 10 
amp are also available. 


Applications include power sources 


Fast, dependable deliveries at all times! 


*Reg. U. S. Pat. Of. 










THE 


CLEVELAND CONTAINER 


COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS « PLYMOUTH, WIS. » OGDENSBURG, N.Y. « JAMESBURG, WJ. » LOS ANGELES 


ABRASIVE DIVISION ot CLEVELAND, OHIO 
Cleveland Container Canada, itd., Prescott and Toronto, Ont 


Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, W. J. 

NEW ENGLAND: &. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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e BUILT FOR THE TOUGHEST SERVICE inside and out—from the 
maintenance free, snap action, double break, silver alloy contacts to the 
rugged, die cast aluminum housing—the redesigned Allen-Bradley Bulletin 
805 foot switch is a challenge to tough jobs! The on-center treadle operation 
eliminates the need for bolting down the switch—the extended base keeps it 
irom tipping. 
e VERSATILE OPERATION—The contact trip point is easily adjustable. 
W hen equipped with two contact blocks, this foot switch can be set for simulta- 
neous or two-stage operation. The Bulletin 805 foot switch can also be fur- 
nished with a latch to provide maintained contact operation. In addition, 
this latch, when desired, can be made inoperative, and may be quickly changed 
from one to the other side of the foot switch. 

Phe Bulletin 805 housings are available for NEMA Type 4 watertight and 
oiltight applications, or NEMA Type 7 explosion-proof service. 

Try the Allen-Bradley Bulletin 805 foot switch—you'll find it “tops” in its 
field. Send for full information. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


VOD OL Ya 


Aca 


<= 
we 


Bulletin 805 Style A 
switch with latch. 


- 


Bulletin 805 Style A 
switch with latch and top 
guard to prevent 
accidental operation. 


Bulletin 805 Style A 
switch with latch and 
guard covering both 
top and sides. 


1-58-MR 





Husky 


BULLETIN 801 


LIMIT 
SWITCHES 


IN A THOUSAND AND ONE TYPES 


From among the hundreds of Allen-Bradley Bulletin 
801 general purpose limit switches, you're sure to 
find your exact requirements. There are 21 different 
contact arrangements available, including types 
with single or multiple poles, N.O. and N.C. contacts, 
spring return or maintained contacts, with either 
a slow or snap action mechanism. It will pay you 
to know this quality line of limit switches. If you 
do not already know this quality line, let’s get 
acquainted. Write for the complete story. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 


MOTOR CONTROL 
= QUALITY <— 





in missiles, avionics, instrumentation 
and telemetering. as well as capacitor 
charging applications. Universal Wind- 
ing Co., Patterson. Moos Div.. 90-28 
Van Wyck Expressway, Jamaica 18, 
M2. 
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EXPANDED METAL MESHES 
IN A NEW PATTERN 


Known as Multimesh. the product has 
three different diamond sizes recurring 
in a regular pattern throughout the 
area of the standard 2 ft x 4 ft sheet. 
This is a departure from customary 
patterns in which all diamonds in a 
sheet are the same size. 

Multimesh is made in 22. 24 and 26 


Pi 
carbon steel and 0.032 in. ioneered and ee by 


KANTHAL, the now famous KANTHAL A-1, A. For long-life supported 
KANTHAL iron-chromium-alu- furnace elements in cir and neutral atmos- 
minum-cobalt alloys provide pheres. Type A-1, 2460°F, Type A, 2370°F 
engineers with a _ broader, 
better means to solve heating 
and resistance problems. KANTHAL D, DS For heating and resist- 
: ee , once elements in appliances and furnaces 
a soe ya! Thal Type D 2200°F, Type DS, 2100°F (higher 
ture ranges (to 2460 F) give ee 
these superior alloys such wide 
versatility and usefulness that 
others constantly attempt imi- 
tation. Only KANTHAL, with 
years of experience in ton- 
iluminum. There are five different nage production, provides the KANTHAL DR and NIKROTHAL L For 
-trand widths available in either steel wide variety of types and un- 
or aluminum; 0.034, 0.060, 0.070 and varying quality that have 


0.090 in. As the strand width increases, made these alloys outstand- 
the percentage of open area of the ing. 


a 
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ALKROTHAL 14 For low-cost resistor coils 


end appliance elements, 1900°F 


‘ 
0 
! 
/ 
) 
' 


U 


Sa 


/ 
W 
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) 


— 


J 
J 


precision components and resistors. High 
resistivity and stability, low thermal EMF 
vs copper, low temperature coefficient 
+ .00002 C 50 to +150°C). Fine gages, 
Specialists for more than a all types of insulation 

generation, KANTHAL re- 

search constantly develops 

new resistance materials. The KANTHAL SUPER New cermet for furnace 
most recent is KANTHAL SU- element temperatures to 2900°F with long 
PER which surpasses all known life, no aging, simplified controls. 
metallic elements in perform- 

ance at temperatures to 2900 NIKROTHAL 8 (80 20) and 6 (60/16 
F. This is typical of continuing 


ete Highest quality nickel- chromium for sus- 
KANTHAL leadership in pro- ’ ere See 
pended elements at substantial savings. 


-heet decreases, ranging from approxi- 
mately 60 per cent open area for 
meshes of 0.034 in. strand width to 
only 16 per cent for strand widths of 
0.090 in. Other gauges in steel and 
aluminum, as well as other metals, 
such as Monel, copper and brass, are 
available on special order. 

Used as an integral part of an 
appliance or machine—wherever a 
small-mesh expanded metal has been E 3 : 
applicable in the past—the pattern ducing superior resistance al- 
provides a distinctly different appear- loys to meet every need. 


ance. Penn Metal Co., Inc.. Boston, Full Data Available CUPROTHAL 294 (55/45) copper-nickel low 
Mass. (Based on actual applications temperature, low-resistance wire (294 ohms 
Circle No. 563, Reader Inquiry Service Cards Whatever your heating or re- cmf). Also CUPROTHAL 180, 90, 60, and 30 
ae ve sistance problem, KANTHAL 
has full design data to help 


you solve it more quickly and 
| easily, and most likely at low- 
er cost. 
Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ewan fos aaa KANTHAL HANDBOOK 116 pages of physical 


hid: eRe : = oe sk designing equipment 


A, D, DS 
CORPORATION — | ALKROTHAL 14 [1 KANTHAL SUPER 


wC sii Ri diaits L C) 
lly go ee PE a ia } ©) KANTHAL DR and [] NIKROTHAL 8 and 6 
Te ea ee Stomford, Connecticut NIKROTHAL L [ CUPROTHAL ALLOYS 
Feature Article Reprints : 


Advertised Products Canadian Rep. Ferro Enamels 
Oakville, Ont 


Write today for free data on: 


NAME 


POSITION 


Write on, or attach to, your company stationery 


COPS OTT 
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Use this handy | lesinite 


VINYL INSULATION 


SLEEVING GUIDE 


to select the proper material | 
for your needs 


Check the properties your sleeving must have, the 
specifications it must meet... then select the 
Resinite material that conforms. The result of ex- 
haustive research and development, exacting manu- 
facture and rigid inspection, Resinite sleeving is 
absolutely uniform, completely dependable and in 
most cases exceeds specs. That’s why it is preferred 
by America’s electronics and aircraft industries 


Write us your requirements and we'll send samples 
and performance data on the appropriate material 


VINYL 
GLASS 


(Viny! Coated 
Fibergias*) 


194°F 185°F ? 266°F 
—55°F —45°F . —50°F 


390 volts 
mil/ aver. 


750 volts 800 1,000 8,000 
mil/min. volts/ mil volts / mil volts/ mil volts 


Out- 
standing 


Good Good Excellent Outstanding 


mk Slight Slight Slight 
RESISTANCE . Swelling Swelling Swelling 


Excellent 


Excellent Excellent 


RESISTANCE 
Bim ei 3 6 sec. 8 sec. 10 sec. 1 sec 
tn : ” 


45 sec./inch 


Available 
(105A only) 


beeen : Good Goed Good 


Mil-I-631C MiL-1-631C 
Type F, Type F, 
Form U. Form U. Gr C. 


; Ciass 1& Il 
MIL--7444A(2)  SF@®S ams 3630A (105A only) 


ns C 
Class II arr 
meee 3 (105 only) 
and Il. Cat.1&2 
Cat.1&2 Aliso U.L.105°C 


*Reg. TM OQwens-Corning Fiberglas Corp 


YL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 


L ASTM 0372-537 
NEMA-VSI-1950 
MIL-I-3190(4) 


Also a complete range of 
vinyl tapes and lacing cords. 


na a 
esinite — 
CAS TCM ay Ta urtt SALA Me bee mT 


Plants: Santa Barbara, Calif. « No. Andover, Mass. 
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SINGLE CHANNEL 
DIFFERENTIAL ANALYZER 


Designed for use in scintillation ~per 
trometry, proportional counting and 
similar applications, and constructed 
to ORNL Specification Q1192, Model 
695 single-channel analyzer is a dif 
ferential pulse height analyzer for sep- 


arating groups ot pulses ot varving 


ee 


e 


amplitudes. The instrument passes ot 
to the output only those pulses whose 
peaks fall between two predetermined 
amplitude levels and rejects all other 
signals. 

Input signal consists of positive 
pulses from 0 to 100 volts. Rise time 
is 0.2 psec; resolving time is 0.5 psec. 


Window width 


variable from 0 to 5 volts by means of 


(channel width) is 


a 10-turn 0.1 per cent helical poten- 
tiometer. Window width constancy is 
1 per cent for all settings of lowe: 


Discriminator ( base 
line) is variable for 0 to 100° volts 


discriminator. 


through operation of 10-turn 0.05 per 
cent helical potentiometer. Output sig 
nal consists cof output pulses of 0 to 
15 volts negative for both differential 
and integral. The Victoreen  Instru- 
ment Company. 5806 Hough Ave 

Cleveland 3. Ohio. 
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TRUE RMS VOLTMETER 
Model 114A) true RMS 


voltmeter. it features high accuracy 


Known as 


combined with rugged, compact con 
struction. Low current-consuming tran 
sistors. printed wiring, and miniature 
components have been used to provide 
a small (6 x 8 x 6 in.) and lightweight 
(714 |b) instrument that operates on 
115 volts. 60 cps a-c. 

Model 14A is suitable for use in 


noise-figure determination and in mak- 


ELECTRICAL MANUFACTURING 





WAGNER SINGLEPHASE MOTORS 


This two-in-one motor 
is your best choice 


FOR 
HARD-TO-START 


Integral ratings, 1-5 hp are available 
in the latest NEMA Frame Sizes 


4 pole (1750 RPM, 60 cycle and 1450 RPM, 50 cycle) ratings 
cre interchangeable in mounting dimensions with capacitor 
start motors of the same ratings. 


GET MORE STARTING 
TORQUE WITH THE 


SAME HORSEPOWER REPULSION START 


500+ 


MOTOR STARTING CURRENT 


——_- — sr ———— sr 


40 


30- ——E 
CAPACITOR START CAPACITOR START 


oo 


FULL LOAD TORQUE 


% OF 


REPULSION START 


AMPERES 


a ++ 


icmnseniensaties bn 
RPM 500 ° RPM 500 
ONE HP, 1750 RPM, 60 CYCLES, 230 VOLTS 


¥ induction Motor offers: 


HIGH STARTING TORQUE 
LOW STARTING CURRENT 
HIGH OPERATING SPEED 
FLAT EFFICIENCY CURVE 


The Wagner Type RA is the work horse of the singlephase 
motor field. It combines high starting torque for quick, easy 
starts with low starting current and minimum light flicker. It has 
a constant high operating speed, even under overload, and a fiat 
efficiency curve over a wide operating range. 

You practically eliminate service problems when you power 
tough singlephase applications with Wagner RA Motors. They 
have unmatched ability to start high inertia or heavy friction 
loads repeatedly and they give many years of unfailing service. 

Let a Wagner Sales Engineer show you how these motors can 
be applied to your needs. Call the nearest branch office, or write 
for Bulletin MU-220 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS + TRANSFORMERS « INDUSTRIAL BRAKES « AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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FELLOW VISIONARIANS: K&E Albanene® Tracing 
Paper keeps your originals clear for life... substantially lowers your 
operating costs. 


K&E Albanene has more desirable working qualities than any other 
tracing paper. Its superiority begins with the stock—100% rag paper 
with the longest fiber in the business, made only for K&E. This gives 
Albanene its extraordinary tear strength with the greatest possible 
transparency. Original drawings stand up year after year under re- 
peated reproductions without damage or loss of clarity. 


Albanene is permanently transparentized with an inert synthetic resin 
exclusive with Albanene... accepts pencil and ink equally well. Ink 
lines never spread or feather. What you pay for stays in the paper. 


It will pay you in lower operating costs to specify K&E Albanene® 
the largest selling tracing paper in the world. For other drafting or 
engineering equipment and materials also look to Keuffel & Esser Co. 
—your ‘“‘Partners in Creating’’—who have served engineering for 
90 years. 


DFR wx - w or oO Ken rol 
do KEUFFEL & ESSER CO. new York. Hoboken, N.J., Detroit 


Chicago, St. Louis, Dallas, San Francisco, Los Angeles, Seattie, Montreal 
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ne noise-level medsurements ¢ 
ment operating at audio and carrier fre 
quencies. It utilizes a thermo-millian 
meter, a transistor amplifier, and a co 
axial input attenuator to provide full 
scale indication for input voltages 
from 0.5 mv to 200 volts. Accurate read 
ngs from 15 eveles to 500° ke 
provided. Voltage differences as small 
~ 0.5 per cent can be detected on the 
meter. Ultimate accuracy is reached in 
10 seconds. Alectra Div... Consol 
idated Electrodynamics Corp 25 


North Altadena Dr., Pasadena. Calif 
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HIGHLY SELECTIVE 
MICROVOLTMETER 


[ype USVH is a highly selective micro 
voltmeter with great sensitivity and a 
frequency range of 20 ke to 30 mm 
The instrument has a sensitivity of 
1 pvolt to 1 volt. full scale. and a volt- 
age level range of 120 to 0 db in sub 
ranges of 10 db. making it suitable for 
analyzing complex wave forms and tak- 


ing voltage level readings 


The frequency range is available in 
six sub-ranges: 20 to 100 ke. 100 to 
300 ke. 300 ke to 1 me, 1 io 3 me, 
>to 10 me, and 10 to 30 me. The meter 
has two bandwidths. 500 eps and 5 ke 
the latter useable between 0.1) and 
90 me, 

Other electrical and mechanical sper 
ifications are as follows: accuracy of 
voltage indication at 1 me and 1 volt 
per cent; trequency response re- 
ferred to 1 me > per cent: sup 
pression of image frequency — better 
than 60 db: noise level about 0.4 
pvolts for 5 ke bandwidth and 0.1 pvolts 
for 500 cps bandwidth: input imped- 
ance greater than 500 k ohms with 
200 puf in parallel; power supply 
100/125, 150, 220 volts. 40 to 60 cps 


(80 va): dimensions 2214 x 10%%5 x 


141, in.: weight 66 Ib. Industrial 
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Specialists in special purpose tubes 


THYRATRONS—An_ ex- 
tensive line of thyra- 
trons for use as grid 
control rectifiers, relays 
and noise generators. 
Inverse voltage pomees 
from 100 to 5,000 voits. 
Sizes from subminia- 
tures to ST 16 bulbs. 
Filamentary as well as 
hot and cold cathode 


RECTIFIERS — Both vac- 
uum and gas filled tubes 
with peak inverse volt- 
age ratings from 200 to 
15,000 volts. Included 
are tubes with special 
features such as fast 
warm-up, cold cath- 
odes, clipper service rat- 
ings and rugged con- 
struction. 


types are available. 


Also used to make avail- 
= eee mae 
voltages for current 
supplies. Sizes from sub- 
miniatures to bantams, 
including many reliable, 
ruggedized types. 


TWIN POWER TRIODES 
—The most complete 
line ofhighcurrent twin 
power Sragtee Sever 
oO especially for reg- 
oe power coun 
usage. Current and 
power ranges up to 800 
milliamperes and 60 
watts respectively. In- 
cluded are —— types 
in both low and medium 
mu construction. 


highly specialized line 
of vacuum and gas filled 
types in both the 300 
and 400 series. 


HYDROGEN THYRATRONS 
— Used primarily as 
switching tubes in line 
type radar modulators, 
these tubes permit ac- 
curate control of high 
energy pulses. Sizes 
from miniatures to the 


Chatham research and development 
has produced many new tube types 
that have become industry standards. 
If you have a special purpose tube , 

problem, Chatham experience can power ranges, from 10 
help you find the solution. ae 


CHATHAM ELECTRONICS Division op TUNG-SOL ELECTRIC INC. 


General Office and Plant: Livingston, New Jersey 
SALES OFFICES: CHICAGO, DALLAS, LIVINGSTON, LOS ANGELES 
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FELLOW VISIONARIANS: Ké&E Albanene® Tracing 
Paper keeps your originals clear for life... substantially lowers your 
operating costs. 


K&E Albanene has more desirable working qualities than any other 
tracing paper. Its superiority begins with the stock—100% rag paper 
with the longest fiber in the business, made only for K&E. This gives 
Albanene its extraordinary tear strength with the greatest possible 
transparency. Original drawings stand up year after year under re- 
peated reproductions without damage or loss of clarity. 

Albanene is permanently transparentized with an inert synthetic resin 
exclusive with Albanene... accepts pencil and ink equally well. Ink 
lines never spread or feather. What you pay for stays in the paper. 
It will pay you in lower operating costs to specify K&E Albanene®. . . 
the largest selling tracing paper in the world. For other drafting or 
engineering equipment and materials also look to Keuffel & Esser Co. 
—your “Partners in Creating’—who have served engineering for 
90 years. 


eo KEUFFEL & ESSER CO. New York, Hoboken, N.J., Detroit 


Chicago, St. Louis, Dallas, San Francisco, Los Angeles, Seattle, Montreal 
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ing noise-level measurements of equip 
ment Gperating at audio and carrier fre 
quencies. [t utilizes a thermo-milliam 
meter, a transistor amplifier, and a ¢ 
axial input attenuator to provide fu 
scale indication for input voltages 
from 0.5 my to 200 volts. Accurate read 
ings from 15 eyeles to 500 ke are 
provided Voltage differences as small 
05 per cent can be detected on the 
meter. Ultimate accuracy is reached in 
3) seconds. Alectra Div... Consol 


>> 


idated Electrodynamics Corp 
North Altadena Dr., Pasadena, Calif 
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HIGHLY SELECTIVE 
MICROVOLTMETER 


Type USVH is a highly selective micro 
voltmeter with great sensitivity and a 
frequency range of 20 ke to 30 mm 
The instrument has a sensitivity of 
1 pvolt to 1 volt. full scale, and a volt- 
age level range of 120 to 0 db in sub 
ranges of 10 db. making it suitable for 
analyzing complex wave forms and tak- 


ing voltage level readings. 


The frequency range is available in 
six sub-ranges: 20 to 100 ke. 100 to 
300 ke. 300 ke to 1 me. 1] to 3 me. 
3 to 10 me, and 10 to 30 mc. The meter 
has two bandwidths, 500 eps and 5 ke. 
the latter useable between 0.1) and 
30 me. 

Other electrical and mechanical spec- 
ifications are as follows: accuracy of 
voltage indication at 1 me and 1] volt 
: 2 per cent: frequen V response re 
ferred to 1 me “5 per cent: sup- 
pression of image frequency — better 
than 60 db: noise level about 0.4 
pvolts for 5 ke bandwidth and 0.1 pvolts 
for 500 cps bandwidth: input imped- 
ance greater than 500 k ohms with 
200 ppt in parallel; powe! supply 
100/125, 150/220 volts, 40 to 60 eps 
(80 va): dimensions — 221% x 101% x 
141, in.: weight 66 Ib. Industrial 
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Specialists in special purpose tubes 


— eee 
voltages for current 
supplies. Sizes from sub- 
miniatures to bantams, 
including many reliable, 
ruggedized types. 


THYRATRONS—An_ ex- 
tensive line of thyra- 
trons for use as grid 
control rectifiers, relays 
and noise generators. 
Inverse voltage ranges 
from 100 to 5,000 volts. 
Sizes from subminia- 
tures to ST 16 bulbs. 
Filamentary as well as 
hot and cald cathode 
types are available. 


~ 
jo 


TWIN POWER TRIODES 
—The most complete 
line ofhighcurrent twin 
power triodes devel- 
oO especially for reg- 
ulated power supply 


RECTIFIERS — Both vac- 
uum and gas filled tubes 
with peak inverse volt- 
age ratings from 200 to 
15,000 volts. Included 
are tubes with special 
features such as fast 
warm-up, cold cath- 
odes, clipper service rat- 
ings and rugged con- 
struction. 


TELEPHONE TYPES — A 
highly specialized line 
of vacuum and gas filled 
types in both the 300 
and 400 series. 


usage. Current and 
power ranges up to 800 
milliamperes and 60 
watts respectively. In- 
cluded are rugged types 
in bothlow oaimelion 
mu construction. 


HYDROGEN THYRATRONS 
— Used primarily as 
switching tubes in line 
type radar modulators, 
these tubes permit ac- 
curate control of high 
energy pulses. Sizes 
from miniatures to the 


Chatham research and development 
has produced many new tube types 
that have become industry standards. 
If you have a special purpose tube rom ti 

problem, Chatham experience can power ranges, from 10 
help you find the solution. =e CC 


CHATHAM ELECTRONICS Division of TUNG-SOL ELECTRIC INC. 


General Office and Plant: Livingston, New Jersey 
SALES OFFICES: CHICAGO, DALLAS, LIVINGSTON, LOS ANGELES 
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Fishing 
for 
economical 
small 
parts? 


Net 
bigger 
net 
profits 
with 
Mohawk 
threaded 
components 


Write today for Bulletin 103 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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Products Diy., International Telephone 
and Telegraph Corp., 100 Kingsland 
Rd.. Clifton, N. J. 


Circle No. 566, Reader Inquiry Service Cards 
on page 17 


TORQUE METER HAS 3 PER 
CENT OVERALL ACCURACY 


Torquemeter provides an easily read 
iidication of the torque applied to a 
retating shaft through a wide range of 
speed. including “zero.” It is a= self 
contained unit requiring no source of 
external or internal power 


Specifications are torque range 
0-24 in.-lb 


cent: speed 0 to as high as 10.000 


overall accurae, > pel 
rpm: max horsepower 3.5 

Basic components are an inner drum, 
an outer shell. and an accurately cali 
brated connet ting spring The inne! 
drum is inscribed with helical patterns 
which are viewed through slots in 
outer shell. 


ihe 


In operation. the Torquemeter is it 
serted, by means of flexible coupling- 
between the drive and driven members 
of the rotating system. Torque applied 
to the shaft ends of the instrument pre 
duces a_ relative displacement ot the 
shell and drum which exposes the 
proper calibration marker. This marker 
due to persistence of vision. appears as 
a solid line when the drum and shell 
are rotated. The position of the line 
with respect to the edge of the drum is 
a measure of applied torque. This posi- 
tion is read by means of a scale cali- 
brated directly in torque units. fixed 
to the outer case of the instrument 
Fairchild Engine and Airplane Corp 
Guided Missiles Div... Wvandanch. L. L.. 
N.Y. 
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2 AMP REGULATED D-C 
POWER SUPPLY 


Model TM25 is a tubeless laboratory 
type regulated d-c power supply. spe- 
cially designed for experimental and 
circuit design applications. It provides 
reliable. ripple-free d-c power under 


adverse line voltage or load conditions 

Electrical include: 
voltage and current 0-150 volts d-c. 
2 amp max; ripple 


specific ations 


less than 0.03 pet 
cent or 0.03 volts rms, whichever is 
greater; regulation — line: +] per cent 
for line change of 10 per cent from 
rated 115 volt input: load: less than 
t per cent for load change of zero to 
full load at maximum output voltage 
and rated input; duty cycle — ratings 
are continuous duty in a maximum am- 
bient of 35 degrees: polarity both 
output terminals are above ground and 
isolated from the a-c line. Either posi 
tive or negative may be grounded. A- 
input is 115 volts +10 per cent, 60 
evcles. single phase 

Output voltage meters are calibrated 
0-150 volts d-c. 2) per cent accuracy 
output current meters are calibrated 
0.2 amp d-c. 2 per cent accuracy 

Mechanical specifications are 
model TM25: 884 in. h x 19 
Qo in d: weight: 57 Ib: bench model 
PM25B;: 1015 in. h x 22 in. w x 
in. d: weight 65 lb. Opad Electric ¢ 
69 Murray St., New York 75, N.Y 
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ARC RESISTANCE TESTER 


Niodel 126) ar resistance tester has 
been designed to evaluate the are and 
track resistance of plastic materials 
This method of testing will permit not 
only proper quality control to be 


maintained on electric insulation n 


terials, but also the development ot 
superior insulating materials for air 
craft, missiles and electronic purposes 

Che tester is employed in measuring 
the resistance of insulating materials 
to high voltage-low current ares. It is 
supplied in accordance with ASTM 
specifications D495-56T (revised 1956) 
and Federal specifications L-P-l06b 
Method 4011.2. 

The instrument features a_ built-in 
timer to indicate are resistance time 
a specimen holder which automatically 
levels and sets the correct electrode 
pressure, a transparent electrode en 
closure which permits good _ visibility 


during the test and prevents drafts 
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3M Chemicals opening new worlds of use for epoxies! 


You could even encapsulate shapes like this 
with epoxies flexibilized by... CARDOLITE NC-513 


The key to encapsulating complex 
shapes in epoxies? It’s low viscosity. 
That’s why Cardolite NC-513 can help 
you flow epoxies around the most 
intricate electrical parts. This 3M 
epoxy resin flexibilizer has unusually 
... aids resin penetration, 
cuts risk of air entrapment toa minimum. 
Or it lets you add more filler, cut cost 
but not exceed original resin viscosity. 


low viscosity 


The result? Cardolite NC-513 is open- 
ing new uses for epoxies daily. What’s 
more, with Cardolite NC-513 you can 


IRVINGTON CHEMICAL DIVISION e 


formulate any degree of resin flexibility 
you desire. And without loss of flexi- 
bility after extended high temperature 
operation. 


Cardolite systems stay flexible per- 
manently at both high and low 
temperatures. Electrica! properties, 
chemical stability and age-resistance 
are excellent. 

Where flexibility is essential, investi- 
gate Cardolite NC-513, made by 
Irvington Chemical Division of 3M. 
Write: 3M, Dept. WC-117, St. Paul 6, 
Minnesota. 


CHEMICAL PRODUCTS GROUP 


Minnesota Minine ann Manuracturinc COMPANY 


... where Research is the key to tomorrow 
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Viscosity of typical NC-513 epoxy system 








Rivets can create “‘king-size’”’ headaches when 
they aren’t at your assembly line in the quantity 
you need—when you need them. 


To give you unmatched delivery service on 
tubular rivets, Milford has five manufacturing 
plants and twenty sales offices strategically lo- 
cated across the country’s industrial beltline. 


To cut delivery time and production costs, to 
improve product appearance, to assemble your 
product on automatic rivet-setting machines— 
get in touch with Milford! 


TUBULAR RIVETS 
RIVET-SETTING MACHINES 
COLD-FORMED PARTS 


MILFORD RIVET 
| & MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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from disturbing the are. an electrode 
assembly which is easily cleaned, and 
an interlocked high-potential electrode 
assembly to insure operator safety. 

The unit measures 24 in. x 19 in. x 
20 in. and is a bench type. Weight is 
125 lb. Delsen Corp.. 719 W. Broad- 
way, Glendale 4, Calif. 
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RESISTANCE WELDER JOINS 
COMPONENTS TO PRINTED 
CIRCUITS 


Precision resistance welder Model 1030 
enables welding of components directh 
to printed or etched wiring boards 
\ feature of the unit is its ability to 
make series-type welds—two  simulta- 
neous welds from one side of the work. 
Series welding is made possible by 


twin upper electrode arms. both of 


which are contained in a single weld 
ing head. They are electrically inde- 
pendent. and are individually and con- 
tinuously adjustable for pressure set 
tings up to 25 lb. Both electrodes are 
easily adjusted for position and spac- 
ing as well, to provide a variety of 
welding configurations 

Heat energy output is 0.1 to 80 watt 
seconds. For heavy-duty precision 
welding, separate power supplies pro- 
vide heat energy up to 250 watt 
seconds, Electrode pressure Is pre-set, 
so that weld energy repeats exactly 
Weldmatic, Div. of Unitek Corp., 380 
North Halstead Ave., Pasadena, Calif 
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POWER OSCILLATOR 
FEATURES 3 WATTS OUTPUT 


The power oscillator Model 1040 is an 
R-C oscillator in which the frequency 
determining elements are precision 
wire-wound resistors and mica con- 
densers. The use of liberal inverse feed- 
back plus low temperature coefhcient 
elements have produc eda highly stable 
oscillator. The oscillator stage is fed 
to a power amplifier which in turn sup- 
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SPECIAL 


nothing ‘an touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200 F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant Construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s more than forty years of experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


+a 


Refer to Esco Catalog in section ,,; in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 


ANUARY 1958 Circle 216 on page 17 








What's A@Y?/ for you in GANLOW PUSS 


>» Vibration 
>» Moisture PROTECTION 
» Pressure 


with new DPJ and DPG Connectors 


DP 
— New DPJ and DPG Connectors feature sealing by means 


. of a rubber seal around the insert faces. Exceptionally 
DPG-34P 69 2 . 4 good protection against vibration and undesirable pressure 
ew ; and moisture conditions is provided. The DPG currently 
is available in 5 different insert arrangements, the DPJ 
with 3 insert layouts. Write for Bulletin DP-101 TODAY! 


“EX” SEALED CONNECTORS 
> No Potting Required 
> Light weight 


New EX Connectors feature a monobloc silicone insert 
into which the contacts are inserted after wiring. When 
the endbell is tightened over the insert, the contacts are 
completely sealed... giving a sealed connector of 
minimum weight without potting. 


EX plug assemblies are currently available in four shell 
configurations with socket contact inserts... EXO5, EX06, 
EXGO6 and EXO8. They are basically identical with the excep- 
tion of endbell variations in each case. EX plugs mate and 
seal with standard AN, AN-E, and GS type receptacles, and 
are available in practically all AN layouts using #12 or #16 
contacts from sizes 8S to 28. Write for Bulletin PR-EX TODAY! 


"Q” MINIATURE CONNECTORS 
>» Self-Locking >» Sealed 
>» Vibration Resistant 


Designed for control and instrumentation circuits of 

all types where space, vibration, moisture, or pressure 

conditions are limiting factors. Resilient grommets seal 

behind inserts... rubber sealing ring seals around the 

insert faces. Locking engagement accomplished by a 

beryllium copper latch within a spring loaded sleeve. 

Three shell sizes, with 7, 13, 19, 37 silver-plated brass 

Ga 10-amp. contacts for #18 AWG wire. Alternate positioning. 
flanged receptacle Cymel 592 insulators. External parts are cadmium plated 


Q02. and straight 


plug. Q06. Insert aluminum. Hermetically-sealed, round-flanged receptacle, 


Diameters 


Ne and 13/e" QH25, also available. Write for Q Miniature Bulletin TODAY! 


VTVTY yy 
CANNON 
PLU SS 
WHERE RELIABILITY 1S THE &3" DIMENSION 
vv. ¢ 
CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, California. 7 ys =” 4 pox Please 
Factories in Los Angeles, Salem, Mass., Toronto, London, Melbourne oa Row Refer: tc 
Manufacturing licensees in Paris, Tokyo. Representatives and distributors in all principal cities — 


Dept. 500 
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HEAVY DUTY 


multiple circuit switch 
for machine tools 


ACRO “SDUO-SNAP”’ 


HIGH ELECTRICAL RATING—2 horsepower, 230 volts A.C./1 
horsepower, 115 volts A.C./ pilot duty, 20 amps, 250 volts A.C. 


LONG LIFE— Many millions of cycles mechanical life. Consult 
factory for maximum electrical life. 


SCREW TERMINALS— Easy installation. 


MULTIPLE CIRCUITS—Up to 4 separate circuits in one switch, 
permitting at least 6 circuit arrangements. 


AVAILABLE TYPES 
ih aed Rn 
Catalogue No. |= Circuit Arrangemeni No. of Terminals 
242-0004-03 Four Circuits 2 Closed | 8 
2 Open 
242-0005-03 Double Circuit 1 Closed 4 
1 Open 
242-00 13-03 Double Circuit Normally 4 
Closed 
242-00 14-03 Double Circuit Normally 
| Open 





The famous ACRO rolling spring principle assures positive 
snap action in this multiple circuit switch developed especially 
for rugged service in the machine tool industry. Get full 
information on it now. Write for the new ‘“Duo-Snap”’ 
Switch Bulletin. 


® ferel bi ee meely-U hd 
Me. Contras 


ACRO DIVISION © Columbus 16, Ohio 
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plies an output transformer. Inverse 
feedback is used in the output stage to 
reduce distortion and provide a_ low 
output impedance. The output winding 
is isolated from ground and can carry 
large external d-c currents. Three im 
pedence taps are supplied on the out- 
put winding with the highest tap point 


capable of delivering 120 volts 


Features include hi 
put (3 watts): low distortion 
three output impedance range 
voltage continuously variable 
it impedance level: uy 
low internal im 
transtormer 
tier ibove ground 
ted by load variations 
Specifications include 
either 400 or L000 eps by 
lector switch: accuracy frequency 
factory adjusted to within 0.25 1 
cent of nominal value it a room 
bient of 25 C; stability—after warn 


the frequency should not ch 


han ~ 0.25 per cent 


han | per cent: hun 

nately 0.05) per cent 
output voltage dimension 
Sag in width 9 in depth 
Industrial Test Equipment Co 
lith St.. New York 3. N.Y 
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POWER SUPPLY HAS LESS 
THAN 0.1 PER CENT 
RMS RIPPLE 

Model Ss-2 

d-c laboratory 

especially for 

vides instantaneou 

overheating short 


conditions encount 





Quality 
Controlled 


i ee 


Hussey Copper Products 


Sheets ® Strip ® Rolls © Wire 
Tubing ® Pipe ® Rounds 
Squares ® Hexagons 

Copper Roof Drainage Products 
Copper Building Products 


Cc. G. HUSSEY & COMPANY 


(Division of Copper Range Company) 
Rolling Mills and General Offices: Pittsburgh 19, Pa. 


WHITE PINE COPPER COMPANY 
(Subsidiory Copper Range Company) 


7 CONVENIENT WAREHOUSES 


PITTSBURGH (19) CHICAGO (18) 
2850 Second Ave. 3900 N. Elston Ave 
CLEVELAND (3) ST. LOUIS (1) 

5318 St. Clair Ave. Central Terminal Bldg 
CINCINNATI (37) PHILADELPHIA (30) 
1045 Meta Drive 1632 Fairmount Ave 
NEW YORK, LONG ISLAND CITY (6) 

34-39 Thirty-first St. 


HUSSEY COPPER 


Your best guarantee of quality is a 
product controlled from origin to fin- 
ished product by a single source. 
Hussey Copper is mined, smelted, re- 
fined and rolled by the same capable 
organization. Make sure it’s copper 

. make it Hussey Copper and be 


sure! 


HUSSEY 
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NEW wawseu. A900 


Epoxy Resin lowers cost, 
provides new ease of 
handling in casting 


transformers: 


You save money two major ways when you use the 
four new HYSOL 6900 epoxy casting resins: They 
cost less per pound, and they provide greater ease in 
handling. 

Longer pot life, low viscosity, and the elimination 
of filler settling make HYSOL 6900 products more 
suitable for continuous production techniques — and 
eliminate the problem of storage. 

Specifically developed for casting transformers, 
coils, magnetic amplifiers, and similar equipment, 
these new flexible 6900 products can help you lick 
your casting problems. 

Write today for Technical Data Bulletin 6900-1. 


HOUGHTON LABORATORIES INC. 
OLEAN, NEW YORK 
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transistor work. Current limiting is ac- 
complished through the use of solid 
state elements: overload is restricted 
to 20 per cent of the selected current. 
even under short-circuit conditions. 
Model SS-2 operates from 115 volts, 
60 cycles, and provides voltages of 6, 
12. 18. 24 and 30 volts with limitia« 
current ranges of 1, 3, 10 and 30 ma. 
D’Arsonval meter measures load cur- 
rent and indicates limiting condition. 
Internal impedance, approximately 10 
ohms: rms ripple less than 0.1 per cent: 
output isolated from ground; cabinet 
design permits stacking of supplies for 
multiple use. Western Apparatus Co.. 
2001 Greenleaf St.. Evanston. Tl 
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FREQUENCY METER, 
COUNTER AND TIMER 
This counter unit. Model WE-810. uses 


the simplified circuitry of glow transfer 
decade tubes in the counting chain as 
well as in the ervstal-controlled time 
base dividing chain. providing small 
size in addition to reliability and low 
power! consumption lhe unit Is 
mounted on a 7 in. x 19 in. rack panel, 


n. deep, using box construction with 


a vertical chassis. A perforated dust 
cover protects the instrument and per 
sonnel. The unit operates trom 105-125 
volts. 60 cps, andre juires oF ly 95 
Watts Weight is 15 Ib 

As a Irequency meter, time bases of 
0.01. O.1, 1.0 and 10 seconds are pro- 
vided Phe Irequency range covered Is 
10 eps to 100 ke, with a minimum sensi- 
tivity of 100 my rms. Variable display 
time of 0.5 to 5 seconds and manual 
is provided. An external trigger may be 
ised to initiate the counting evcle. Ex 
ternal trigger input requires a contact 
closure or a positive pulse of 30 volts 
with a rise time of less than 3 psec 

The time interval time base fre 
quencies are 100 ke, 10 ke. and 1 ke 
with an accuracy of plus or minus one 
count, plus or minus erystal stability of 
0.001 per cent The time interval 
frequencies are available on the front 
panel for reference or checking pur- 
poses. The time interval range covered 
is 30 psec to 100 seconds. Start and 
stop trigger inputs require 3-50 volts. 
positive or negative. Versatility as a 
time interval meter is improved by pro- 
viding separate inputs, which may be 
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Molon 


fractional horsepower 


aie 
y Votors 


Skeleton Types + Gear Types 


We specialize in custom 
manufacturing all kinds 


CUSTOM- of fhp motors. Whether 


MANUFACTURED 
TO YOUR 
Ndi er Nile). hs 


you need skeleton types 


or special, Molon can 
supply them fast and at 
low cost. Send for free 
descriptive circulars. 


or gearmotors, standard | 


0, I 0, Yf Motor and Coil Corp. 


2432 WEST GEORGE STREET . CHICAGO 18, ILLINOIS 
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TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of Cl is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


Lee 
= 
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paralleled, for the start and stop sign- 
als. Westport Electric, 149 Lomita St., 
El Segundo, Calif. 
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TENSION METER FEATURES 
LOW DEFLECTION 


Featuring low deflection and negligible 
wire contraction, the Saxl tension meter 
adds quik k. automatic trigger action to 
the measurement of tension during wire 
processing. 

To use the tension meter, the trigget 
is pulled in the same manner in which 
a gun is cocked. This opens the 3-roller 


mechanism for quick wire insertion 


The wire is then placed upon the two 
lower rollers which are recessed into 
the plate. Upon release of the trigger 
the wire slips automatically into the 
pulley grooves. Thus, it cannot get 
caught in back of the ball bearing rol 
lers. This practically eliminates wire 
breaks and bending of the wire between 
the rollers which would distort the 
smoothness of the wound product 

The center roller deflects against the 
restraint of a special calibrating spring 
The distance which the center roller 
lifted is but a fraction of an inch. This 
motion is mechanically amplified over 
a precise gage movement. Thus, on a 
dial facing the observer, the tension of 
the material is seen clearly and directly 
even while the wire runs. Tensitron, 
Inc.. Harvard, Mass. 
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PORTABLE POTENTIOMETER 
FEATURES INTERCHANGEABLE 
SCALES 


Portable potentiometer features inter- 
changeable scales and automatic com- 
pensation. Known as the Thermotest-I, 
the instrument is an all-purpose testing 
device for making highly accurate 
temperature measurements from 200 
F up to +600 F. Ordinary thermo- 
couples are used. The instrument will 
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RUSGELL., 


Technical-ities 
By John S. Davey 


How to select 
tapping screws 


1. Use thread forming screw 
Type A, B or C when material 
is ductile enough to stand de- 
forming of screw. 
If not, use thread cutting type. 
2. Type A is 
pierced hole 
where 


action 


used with 
for starting; and 
exposed point 
doesn’t matter. All other 
use B, C, or other blunt 
screws in drilled holes. 


an 
cases 


a2 ts3 
g < 

> ——" 

= 


saa 


B 2 


3. When load is factor, 
metal gauge determines diam- 
eter of screw. Pick a thread 
pitch which gives at least a 
full thread engagement. 

FOR EXAMPLE: Metal .062” thick 


suggests use of =7 Type A or +10 
Type B (both have 16 threads/inch). 


pitcH— 2:2 _ 9625” 


16 


no 


4. When you do have loads to 
sustain, you must consider 
required holding power. If 
metal thickness doesn’t allow 
ample thread engagement (so 
that threads strip), use more 
smaller diameter screws. They 
engage more threads. Limit- 
ing factors: the screw’s tor- 
sional strength, and the effort 
to drive it. 

5. If, due to material thick- 
ness,.screws fail by torsion or 
drive too hard, select cutting 
screws (1, F, or 23). For hard 
ductile materials, the Type 1 
is best; for soft, friable ma- 
terials, the Type 23. 
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ASTENER ERIEFS 


BURODSALL & WARD BSOLT 


AND NUT COMPANY 


Two basic ways to 


keep fasteners tight 


High 
‘fart 


Bolt 


Hardened 
ee halas 


RB&w high strength bolts permit optimum 
tightening without crushing surface when 
used with hardened washer 


Section of Spin-Lock screw. Teeth embed 
only with proper tightening. Same feature 
available in nuts 


Fasteners that stay tight keep joints 
strong. Resistance to loosening depends 
largely upon: (1) The inherent “locking” 
ability, (2) The man with the wrench. 


HIGH PRELOADING 
With rigid type joints, one of the best 
“locking” fasteners is a standard RB&W 
high strength bolt or cap screw . . . torqued 
up close to its yield strength. It locks by its 
own internal residual tension. 
High tension not only keeps it perma- 
nently tight, but also prevents fatigue, as- 
sures optimum load capacity and safety. 


INTEGRAL LOCKING DEVICE 
Suppose the design of fastened members 
can’t take full advantage of such preload- 
ing? Then a lock is needed, such as that 
furnished by RB&W Spin-Lock® screws 
and nuts. Ratchet-action teeth bite into 
seat; require 20° extra torque to loosen. 

Note that Spin-Lock fasteners seat solid- 
ly before locking. The installer can’t be 
deceived. He has to tighten properly before 
feeling resistance. 

In both cases above, positive tightening 
assures positive fastening. 

Send for Bulletin on Spin-Lock fasten- 
ers, or call your local RB&W Fastener 
Man. Russell, Burdsall & Ward Bolt and 
Nut Company, Port Chester, New York. 
Plants at: Port Chester, N.Y.; Coraopolis, Pa.; Rock Falls, 
Ill.; Los Angeles, Calif. Additional sales offices at: Ard- 


more (Phila.), Pa.; Pittsburgh; Detroit; Chicago; Dallas; 
San Francisco. 


Staked acorn nuts lock securely 


Staking opposite sides of these RB&W acorn nuts deforms 


threads for a positive grip. It also puts middle of nut 


slightly 


UL 


out-of-round, for a spring tension locking effect. They’re de- 
signed for applications such as outdoor furniture, where an- 
choring fasteners is more important than solid seating. Avail- 


able in aluminum, steel, silicon bronze. 


These all-metal nuts can also be furnished in regular double 
chamfered style. Since they lock with their middle threads, 
they can be turned onto screw from either side. 
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also measure voltages from zero up to 
21 millivolts. 

Equipment includes four aluminun 
disc scales—three for temperatures and 
one for millivolts. Each temperature 
scale is designed for use with one 


three common types of thermocouple- 


ink fae mt 
be a =) 
oS) 


cost = 0 5) ns Le) one? 


copper-constantan iron-constanta! 


or chromel-constantan. The proper 


6-0 6._ 


scale may be installed in a few seconds 
as required by the type of measurement 
being made 

In operation, thermocouples or test 
leads are connected to the 5-way input 
terminals which accommodate wires 
spade connectors cord tips, banana 
plugs or radio type double connectors 
Temperatures or millivolts are read 
directly from the scale without using 


charts, graphs. or conversion tables. A 


Vital Component in Sage Air Defense Computers parallax-corrected, magnifying — 

permits accurate readings of even slight 

The Sage System, vital to our nation’s security, relies on IBM-built variations. 1m 

computers to display accurate pictures of hostile and friendly Other features in ee mercury »at- 

aeciah extion. tery power supply, built-in automatic 

. : . . electrical compensation, and two-way 

IBM uses printed circuit cards with plated-thru holes by PHOTO- scale drive with crank for rapid trav- 
CIRCUITS to help do the job. IBM experience indicates that 


erse and vernier knob for fine adjust- 


through-circuitry—using both sides of a printed card—saves space ments. 


and costly assembly time. Overall dimensions are 12!4 in. x 9 


Printed circuit cards by PHOTOCIRCUITS have plated-thru holes in. x 814 in. Weight is approximately 
that help eliminate troublesome intermittents caused by vibration 14 lb. Technique Associates. Inc., P. O. 
and temperature changes...increase solderability, too. Box 91, Indianapolis 6, Ind. 


PHOTOCIRCUITS produces reliable printed circuit cards... builds Re SO. 09 ee ae Seen Stake 
them with strength to spare for all applications. 


on page 17 

“Bonus” copper, on the right-size hole wall, is just one of the rea- 

sons you can depend on PHOTOCIRCUITS printed circuit cards. 

Proper design, precision production, and advanced quality control Posteard return cards are provided 
techniques are others. All add up to outstanding reliability... a eee oie 
often at lower cost. oi 


Check the advantages of printed circuit cards with plated-thru New Components and Materials 

holes by PHOTOCIRCUITS...the largest and most experienced Additional data from the supplie: 

manufacturer in Printed Circuitry. For full information, write a Te eee 

our Engineering Department PS-1 today. Literature for the Design 

Engineer 
A copy of any manufacturer s 
publication reviewed 


Feature Article Reprints 
PHONES : 


i Single copies of selected feature 
GLEN COVE 4-8000 (as articles 


ee Advertised Products 
More information on any product 
PHOCIRCO c one ORA tes or service described. 
Siege cové, ASW VOR 


CABLE 


LC 
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IMPORTANT 
COST REDUCTIO 


ee 
Save time 
and NATIONAL Retaining Rings 
2 conserve valuable space in 
materials portable equipment, pocket 


radios, hearing aids, controls, 
meters, instruments and mini- 


gnd ature assemblies. Weight sav- 
eee ings and reduction of manu- 


facturing costs are added ad- 


improve ae 
your 
products 


with... 


O U 


T a Lt shafts and housings. These dependable rings save material, weight 


Simplify design by specifying NATIONAL Retaining Rings on 


and assembly time wherever shoulders or collars are required. 
Grooving smaller diameters for retaining rings avoids cutting 
down larger diameter material to form shoulders and collars. . . 
saves costly machining, speeds assembly. NATIONAL Retaining 
Rings are service-proven on all types of equipment from heavy 
machinery to miniature assemblies. Ask for all the cost-saving 
facts, today! 


THE NATIONAL 
LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY 
MILWAUKEE 2, WISCONSIN 
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Literature 
for the 


Design Engineer 


{(//-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


SYNCHROS FOR DATA TRANSMISSION 
AND CONTROL SYSTEMS 


page publication on synchros for data 


7 wentyv-tour 


transmission and control systems pro- 
vides a complete guide in the selection 
of synchros to meet design requirements 
and brings up-to-date information on a 
complete range of types and sizes avail- 
able. Included are data on typical syn- 
chro applications, important character- 
istics of svnehros. descriptions ot svn- 
chro systems. outline drawings of units. 
and detailed specifications of 91] units. 
Norden-Ketay Corp.. Precision Compon 
ents Div. 
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Cards 


SPECIALIZED DRIVES AND MOTORS 
“Sky High to Ocean Blue.” 
booklet. 


specialized 


a 12-page 
illustrates the 
motors 


discusses and 


drives and engi- 
neered and built to industrial and gov- 
ernment specifications. Covered are units 
well as 


integral a-e motors to 400 hp; d-c units 


for shipboard application, as 


to 1.000 hp: d-c and a-c generators and 
and 
variable-speed drive systems and _ their 


motor-generator sets; gearmotors 


control, A series of photos show engi- 
neering and manufacturing processes, 
including the use of analog computers 
to determine acceptability of new drive 


Reliance 


neering Co. 


designs. 


Electric and Engi- 
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CARBON PILE RHEOSTAT ELEMENTS 
Five-page bulletin No. 6 AE discusses a 


wide range of carbon discs. plates and 


pile assemblies tor all types of carbor 


pile rheostats and similar control units. 


Separate sections discuss: carbon prop 


erties that provide a wide range ot con- 


trols for mechanical. magnetic. electrical 


and electronic circuits: range of size- 


and designs in which carbon piles are 
available: methods for determining thie 


resistance of a specifi carbon pile 


Speer Carbon Co. 


Circle No. 623, Reader Inquiry Service 
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Cards 


ELECTRONIC EQUIPMENT FOR AUTO- 
MATIC CONTROL —Twelve-page bulle- 
tin, “Industrial Electronics for You.” 
illustrates and describes a complete line 
of electronic equipment for automatic 
control of resistance welders. automated 
machine tools, precision test equipment. 
and Also 
are the firm’s facilities for engineering 
and 


safety equipment. described 


research work in electronics 


Robotron Corp. 
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TERMINALS AND CONNECTORS 

Twelve-page catalog describes a stand- 
ard line of terminals. connectors. blades 
and The 


gives each item’s catalog number. an 


attaching machines. catalog 


illustration of the part in strip form. a 


line drawing with dimensions. stud 


hole sizes, stock thickness, wire size 


range, insulation diameter range, strip- 
ping data. number of terminals or con- 
nectors per reel and reels per shipping 
carton. and the machine on which they 
are applied. The Electric Terminal 
Corp. 
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PRESSURE-SENSITIVE WIRE MARKERS 
Twelve-page brochure describes “E- 
Z-Code”™ self-adhering markers for po-s- 


itive identification of wires from small 


or miniature wires and electronic com 


ponents to wires, cables. harnesses and 


wires of any size. Brochure describes 


inexpensive application of vari-temp 


MIL-D-103 


and 


cloth markers which meets 
69B for 


num-foil 


fungus alumi 
markers for 


use. Listed are 


resistance 
high temperature 
marker- 


sequence and con 


Products Diy 


thousands of 
letters, 
binations Westline 
Western Lithograph Co 


in numerals. 


Circle No 626, Reader 


on pag 


Card 


Inquiry Servic 
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RESEARCH, PRODUCTION, APPLICA- 
TION OF PAPER IN PRODUCT DE- 
SIGN entitle 


“Creative Develop 


Twelve page booklet 
Imagination in the 
ment of Technical and Industrial Spee 


ialty Papers”. analyzes the 


u-e- nd 


versatile 


advantages of paper as a light. 
and economical material in product di 
sign. Booklet covers a wide applicatio 
range. including conductivity papers to 


facsimile transmission. cork-impreg 
nated gasket paper, saturating base pap 
ers for electronic laminates, hi-fi paper- 


for radio and T\ Knowlto: 
Brothers. Inc. 


spe ikers 
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PLATINUM RESISTANCE THERMOM- 
ETERS Fifteen page booklet entitled. 
“How to Use Platinum 


Thermometers in Temperature 


Resistance 
Mea- 
urement. Telemetry, and Control.” di-- 
cusses the basis for temperature meas- 
urement with platinum and some of the 
reasons why platinum has been adopted 
as an international temperature stand- 
ard. Various types and characteristics 
of specific resistance thermometers and 
the use of these transducers in a vari- 
etv of bridge circuits and control sys- 
tems are described. Trans Sonics. Ine. 


No. 628, Reader Inquiry Service Cards 
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RECHARGEABLE BATTERIES FOR AIR- 
CRAFT AND MISSILES —Sixteen 
of production batteries for unmanned 
aircraft and and 11 for 
manned aircraft. are described in 
the “Yardney SILVERCEL Recharge- 
able Batteries” bulletin. Covered are 
nominal capacity. open circuit voltage. 


types 


missiles, 


normal discharge voltage. maximum 
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Silastic Withstands Heat and 
High Voltage on Spark Plug Lead | 


Selecting a rubbery insulating material 
that would withstand up to 15,000 volts 
at 400 F in aircraft spark plug lead | 
assemblies posed no problem for design 
engineers at Scintilla Division, Bendix 
Aviation Sidney, New 
York. Already familiar with Silastic’, 
the Dow Corning silicone rubber, they 
knew it has excellent 
moisture and retains 
dielectric 


Corporation, 


resistance to 
mechani- 
properties even 
after prolonged exposure to heat and 
high voltages. 


good 


cal and 


illy, Scintilla uses Silastic in four dif- 
Bendix lead: for 


r and outer layers of the cable; for 


eas on the new 


ded terminal insulators; and as an | 


ayer to separate the three courses of 


ase 
braided metal sheathing. Interlaying the 
braided sheathing with Silastic not only 
keeps moisture out, but protects the sheath- 
ing against vibration to give it longer life. 


The insulated lead is now 
standard for the Wright turbo compound 
18 cylinder, 3350 hp engine that powers 
the DC 7, the Super Constellation and 
various military aircraft. No. 54 


REG. U.S 


new Silastic 


PAT. OFF 


Dow Corning Silicone Lubricants, including oils 
and greases, are described in a new, illustrated 


8-page brochure that gives their properties, 
lists their applications, and cites factors which 
contribute to obtaining longer life. No. 55 
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high moisture resistance 


CLEVELAND ° 


Canada: Dow Corning Silicones Ltd., Toronto; 


NEW SILICONE INSULATING RESINS 


Two new free-flowing, 
solventless silicone elec- 
trical resins are now 
available from Dow 
Corning in commercial 
quantities. Identified as 
R-7501 and R-7521, 
these 100% silicone 
resins are ideal for im- 
pregnating or encapsu- 
lating miniature and 


subminiature motors, 


| transformers and other 


electrical and electronic 


| assemblies. 


the problem of insul 


hy 


he photo Dow Corning 
at room 
ch deeper int 


mu 


conventional epoxy 1 
Both of the new resir 


ysubble-free mass having 


n > , i + fiwitr 
properties, good conductivit 


When cured, 


continuo 


they 
withst 


ambients anc 


readily ind 


400 F 


to temperatures up 


“rvice t 
service at 
intermittent 


to 500 F. 


exposure 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 14 


ro 
ey 


FLOW FREELY WITHOUT SOLVENTS 


At room the 
R-7501 is centistokes 
of R-7521 is 1 
may be thinned 

If desired, the 


together to obtain any intermedi- 


temperature viscosity of 
the 
Either 


warming 


2500 and Vis- 


cosity 00 centistokes 


by to 


resins can be 


eating at temperatures up to 


390 F. Shelf life of the uncatalyzed resins 


is over a year; pot life of the cata- 


resins at room temperature is Over six 
Dow Corning R-7501 and R-7521 


> WIsed 
used 


as received or combined with 


a wide range of inorganic fillers. No. 53 





Silicone Insulated Motor Still on 
Test after 66,080 Hours at 240C 


At 10 A. M., June 3, 1946, a silicone insu- 
lated 5 hp motor was generator loaded to 
operate at test temperature of 240C 
in Dow Corning’s motor test labs. Every 
S00 hours since the test began, the motor 
has been shut down and exposed to 100% 
relative humidity for 24 hours. As of 
11 A.M. August 1, 1957, this motor was 
still on test after 66,080 hours at an aver- | 
age copper temperature of 240C! That's 
equivalent to 404 years operation at the 
Class H temperature of 180C. No. 56 


its 


Silicone Materials in Appliance Design, a recent 
article in ELECTRICAL MANUFACTURING, lists a 
variety of applications for several different sili- 
cones in appliances; describes how silicones have | 
made possible design changes heretofore imprac- 
tical, and how they extend service life and depend- 
ability. To receive your copy, circle No. 57 | 


DALLAS + 


Great Britain: 


DETROIT * 
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| shoe backing. 


LOS ANGELES ° 
Midland Silicones Ltd., 


Parts and components made with Dow Corning 
Silicone Molding Compounds are lightweight, 
show excellent resistance to heat, and have good 
structural and electrical properties. Used as 
brush holders, collector rings, terminal boards, 
multiple lead connectors, heat dams for turbine 
driven alternator bearings, and aircraft brake 


No. 58 


AY oe -T-  e 
Information 


DOW CORNING CORPORATION - Dept. 


Midland, Michigan 


Please send me 


451 
93 54 55 56 57 58 


NAME 





TITLE __ 





COMPANY 





STREET 





CITY ZONE _STATE 


NEW YORK * 
London; 


WASHINGTON, D. C. 


France: St. Gobain, Paris 
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Another commutator problem 


solved with NZ ALLoy 


Zr-Cu* 
Bendix Red Bank Aircraft Generator 


Commutator operating 


temperatures, up to 


200°F 


Generator speed range 
4000 to 8000 rpm 


For operating conditions that go far beyond 
the ordinary, Nippert-built commutators of N-4 
alloy are used in Bendix Red Bank High 


Temperature Class “C” Generator, Type 30E20-5. 


N-4 benefits are available for your product 


N-4 is copper containing zirconium —the alloy with strength at 
elevated operating temperatures, high electrical conductivity and 
ability to withstand extreme vibration or shock. 
Developed by Nippert Electric as a conductor for rotating electri- 
cal equipment and successfully proven in many rigorous high-tem- 
perature applications, N-4 offers notable advantages: 


Stability of the alloy at prolonged temperatures to 750°F and short- 
time exposures as high as 930° F. 


Conductivity from 90 to 96 percent I. A. C. S. 


Full strength maintained above the temperatures where silver- 
bearing copper becomes soft. 
N-4 is available in Nippert commutators and slip rings, in commuta- 
tor bar stock, and in shapes to your specifications. To find out how 
N-4 alloy can help solve your problem, write and give us your par- 
ticular application. 

*Patent Pending 


COMMUTATORS 


Lisl: 


SE el 


ELECTRIC PRODUCTS CO. 
COMMUTATOR 3 1759 W. Mound St. * BRoadway 4-1116 


COPPER AND OTHER os 
DRAWN COPPER SHAPES TL rx eur 
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charging voltage, charging rate, maxi- 
mum current conditions at 70 F, weight 
battery dimensions and case material 
Yardnev Electrix Corp. 


Circle No. 629, Reader Inquiry Service Cards 
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HIGH CARBON CHROME BALLS~_ }},)! 
letin 101 contains information abi 
“Micro-Velvet™ balls. including lappe 
high carbon chrome balls accurate 
within millionths of an inch. Details 
specifications as well as application ar 
design data are provided for balls 
chrome steel. stainless steel. bra 
bronze and monel In Various grades 
in sizes ranging trom | 16 in. to 4 
in diameter. Hoover Ball and Bear 


630, Reader Inquiry Service Cards 
on page 17 


INDUSTRIAL FASTENERS Fight-pa 


catalog contains engineering data 


full line of special industrial fastens 
Dimensional drawings. specifications 
and important features are shown for 
the Link-Lock. Hinge-Lock, Sprit 
Lock. Quick-Lock. Roto-Lock and D 
Lock simmons Fastener ( orp 
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VARIABLE TRANSFORMER iINTER- 
CHANGEABILITY CHART Four-page 
interchangeability chart provides equis 
alent data on type number and output 
amperage of Adjust-A-Volt, Powerstat 
and Variac variable transformers. The 
chart covers both manually operated 
and motorized variable transtormer- 
and provides an accurate cross retet 
ence by current ratings between equliy 
alent units of the three major manu 
facturers of the equipment. Standard 
Electrical Products Co 
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CONTINUOUS RESISTANCE WINDER 

Catalog page illustrates and gives 
full technical details on Model 209 
fully automatic continuous resistance 
winder designed to wind resistance wire 
up to 7/32 in. OD on continuous lengths 
of flat or round core material. to be cut 
and made into flexible wire-wound re- 
sistors. heating elements. attenuators 
rheostats. etc. Included are dimensions. 
weights. tvpes of windings, typical ap- 
plications for round and flat material 
and maximum coil length and wire size 
Ceo. Stevens Mig. Co. 
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LARGER SIZE ELECTRIC CLUTCHES, 
BRAKES Four-page brochure contains 
complete data on new line of electric 
clutches and brakes in larger sizes 
100 to 300. Photos and detail drawings 
are shown for five styles of product 


ELECTRICAL MANUFACTURING 





New Skinner Valves 
at Low Prices 


Here it is— one of the many new lines Skinner will 
bring you in 1958. A new 2-way, normally closed, 
pilot-operated valve that is lighter in weight — only 
1 34 pounds —and smaller in size, yet permits full 
flow through a 14” orifice with %%” or 14” pipe taps. 

The valve handles pressures from 5 psi to 150 psi, 
with temperature ranges from —40°F to 180°F, and 
will operate on all popular AC and DC voltages. It’s 
small but rugged, economical but efficient — manu- 
factured to the highest engineering standards of the 
Skinner Valve line. 

Versatility is also a feature of the new Skinner L 
Series; modifications are already available for normally 
open operation, with such options as manual override, 
explosionproof construction and choice of electrical 
connections to fit your application requirements. 


You can get full details of this exciting, new valve 
line by writing us direct or by contacting the Skinner 
Representative or Distributor near you. He’s listed in 
the Yellow Pages. Write Dept. °*1. 


2-way normally closed 
shown actual size 


LOOK AT THESE HIGH-QUALITY FEATURES: 


Unique Diaphragm Design — by actual test, this new de- 
sign outperforms all others—the diaphragm is com- 
pletely supported at all times. The nylon-reinforced buna 
diaphragm has a high resistance to media impurities, and 
only a small area is exposed to pressure, which assures 
long, trouble-free life. 


So Easy to Mount—so light in weight that it can 
economically mount directly to line. 


Operates upside down, sideways, in any position — strong 
spring action snaps valve shut —every time. 


Forged Brass Body — provides low porosity and dense 
metal structure for rugged application and no leakage. 


Low Wattage Consumption — coil consumes only 8 watts, 
considerably less than comparable valves. 


Soft, Synthetic Inserts — withstand constant opening and 
closing of pilot and main orifices — are long-wearing and 
provide absolute bubbletight operation. 


Internal Stainless Steel Parts— eliminate internal rust- 
ing, clogging or contamination. 


ELECTRIC VALVE 
DIVISION Saat 


THE CREST OF QUALITY 
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DORMEYER 


CUSTOM QUALITY 
STOCK SOLENOIDS 


The line consists of 17 models to 
provide 34 widely differing specifi- 
cations . delivery can be made 
within 24 hours of receipt of order 

specifications include: pull 
and/or push capacities up to 45 
Ibs.,... sizes from %”x 1%" to 
8”x 3”... stroke lengths fractional 
m2. 


All solenoids are built to rigid 
standards of highest custom qual- 
ity. Double shading coils provide 
high sealed pull without excessive 
AC hum. Electrical characteris- 
tics are thoroughly uniform. Units 
are compactly engineered to ex- 
tremely close tolerances. Rugged 
construction provides long service- 
life under the most strenuous con- 
ditions. 


All solenoids in the line can be 
supplied in any quantity from 
single units to long-run cost- 
Saving production orders 


Request complete 
information. Ask 
for catalog. 


DORMEYER INDUSTRIES 


3424 N. Milwaukee Avenue, Chicago 41, Illinois 
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clutch coupling. electric clutch, combi- 
nation clutch and brake. electric brake. 
duplex clutch 
sheaves-clutch design available in the 


plus the combined 
three largest sizes. Tables of technical 
data and dimensional data are included. 


brake 


selection data from which the torque 


along with formulas for clutch 
required for any application can be 
calculated. Simplatrol Products Corp. 
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SPECIFICATIONS FOR MUNICIPAL 
COMMUNICATIONS CONTROL AND 
SIGNAL CABLES 
Municipal 


Signal and 


“Specifications tor 
Communications Control, 
Cables.” 
among municipal engineers as the Red 
Book of the Muni ipal 


Signal Association. includes the latest 


specifications for 


Power known 


International 
police cemmunica 
tions. trafic and fire alarm systems as 
IMSA. In addition, ap- 
proved specifications are included for 
100 volt braided cables. 600 
cables of the IMSA 
type. and 300 volt Laytex resin cables 
Kaiser Aluminum & Chemical 
Inc. 
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approved by 


Lavtex 


volt Laytex resin 


Sales. 


METAL-CLAD LAMINATED PLASTICS 
FOR PRINTED CIRCUITS 
folder 


used grades of metal-clad laminates tor 


SIX-page 
describes the six most widely 
printed circuitry use. The folder is fully 
illustrated and contains detailed tables 
iving strengths. properties and dimen 
sions of the various metal-clad lami- 
nates. Six of the laminate grades most 
useful for printed circuitry are dis 
eussed: four  paper-base laminates 
(XXP, XXXP. XXXP-IR. and P-25). 
and two woven-glass fabric-base lami- 
nates (G-10 and G-11) 
Circle No. 636, Reader Inquiry Service Card 
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Svnthane Corp 


Booklet de 


TRANSISTOR INVERTERS 


scribes the utilization of transistors in 
the de velopment of solid-state inverters 
for conversion of d-« power to precision 
100 cycle a-c power. Included are a 
summary of the state of the art. a com 
plete engineering discussion of various 
design approaches used. including il 


lustrations, and = individual technical 
data sheets on various transistor powel 


including theory of operation 
ind specifications. Varo Mig. Co.. Ine 
Circle No. 637, Reade 
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DIALS, PANELS, NAMEPLATES six 
page “Idea File” on a line of dials. 
panels and nameplate - intende | tor de 
signers and engineers is a grouping of 
data for 
dials, 


section 


guidance in specification of 
panels and nameplates. Opening 

gives information on various 
marking techniques available. including 


screening, photo marking. lithography. 


Exacting physical requirements such 
as fatigue resistance, tensile strength 
and drawing properties are easily 
met by SOMERS, where complete 
facilities include a modern labora- 
tory equipped for chemical, elec- 
trical and performance testing of 
all SOMERS THINSTRIP—both in 
process and before shipping. 


The latest electronic gages, controls 
and other precision instruments 
guarantee uniform quality every 
time in nickel and its alloys from 
020” and copper and its alloys 
from .010”, both down to .000175”. 


Special requirements are “run of the 
mill’ for SOMERS. Write for confi- 
dential data blank or field engineer. 


e EXACTING STANDARDS On 
fy 


Somers Brass Company, Inc. 


BALDWIN AVE. WATERBURY. CONN 
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CTC coil forms with Perma-Torq* Tensioning Device are designated PLST, PLS-6, PLS-5, PLS-7, PLS-8 and are 
factory assembled to mounting studs. The units are completely interchangeable with CTC’s LST, LS-5, LS-6, LS-7 


and LS-8. 


Reliability is their family resemblance 


Here’s a reliable family of coil forms 
ready to meet your _ specifications. 
These Perma-Torq Tensioning Devices 
on CTC coil forms allow locking of tun- 
ing cores while still tunable and you 
can depend upon them to do their job 
well. 

This built-in dependability is a result 
of CTC’s unique design plus quality 
control that meets or betters gov- 
ernment specifications. 

Perma-Torq is a compression spring 
of heat treated beryllium copper, that 
has a very high resistance to fatigue and 
keeps coils tuned as set even under 
extreme vibration and shock. The de- 
vice also allows for immediate readjust- 
ment without removal or loosening 
of any mounting nut or locking spring. 

Quality control and features like the 
above are just two of the reasons why 
CTC can offer you guaranteed standard 
or custom electronic components - 
whose performance you can rely upon. 

CTC researchers and practical ex- 
perts are always available to help you 
solve your component problems. For 


all specifications and prices, write 
Cambridge Thermionic Corporation, 


453 Concord Ave., Cambridge 38, Mass. 

West Coast stocks maintained by E. V. 

Roberts and Associates, Inc., 5068 } 
West Washington Blvd., Los Angeles 

16, and 61 Renato Court, Redwood 

City, California. 

CTC miniature shielded coil forms are rugged and 

perfect for “tight spots.’’ The LS-9 is "js" diam- 

eter 4" high. LS-10 is 54” diameter x '%g," high. x 
The LS-11 is 6" x 17/22. The LS-14 is double 

ended and is 4" OD, 1 and %,4" overall in length 


All are highly shock resistant with mechanically 
enclosed protected coil windings. The units are 


ideal for use with IF strips or as RF coils, oscilla- 


tor coils, etc. Available as coil form assemblies or 
wound to your specifications 


*Patent pending. 


CAMBRIDGE THERMIONIC CORPORATION — 


makers of guaranteed electronic components 
custom or standard 
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HERE’S THE RELAY 
(|i THEV'RE TALKING ABOUT 


THE NEOMITE — 


7 


Designers are excited about the unique 
advantages of the new NEOMITE 
Relay. It’s the world’s smallest, weigh- 
ing just .09 ounces, and requires only 
100 milliwatts of power to open and 
close electrical circuits. There’s 
nothing like it for size or per- 
formance ...and now 

they’re available from 

leading distributors. 


ACTUAL SIZE 
A ee 
PX MTL 


SPECIFICATIONS 
Relay Type NMIC 50 NMIC 200 NMIC 500 1 NMIC 2K 
D. C. Coil 
Resistance 
(+10% @| 50 Ohms 200 Ohms 500 Ohms 1000 Ohms 2000 Ohms 
20°C) 
Coil Voltage 3-5 V.D.C 6-10 V.D.C 9-15 V.D.C 12-21 V.D.C. 18-30 VDC 
Pickup 44 MA Max. 22 MA Max. 14 MA Max. 10 MA Max. 7 MA Max 


Duty: Continuous Shock: Shock test: 50 G. without 
Dropout: 30 to 60% of pickup domage 
Contact Rating: .25 AMP at 28 V.D.C Vibration: 10 G to 500 cps 
resistive lood Contact Arrangement: SPDT Form C 
Operation Time: 4 milliseconds max. @ Ambient Temperature Range 
rated voltage to +85 C 
Dielectric Strength: Sea level: 500 V Life: 1,000,000 operations at rated 
RMS. High altitude: 500 V RMS Contact Resistance: .05 Ohms 


ood 


YOU'LL FIND WHAT YOU WANT IN 
THE ADVANCE RELAY LINE 


Midget Antenno Latching Coaxio!l Power Control Power Tronsfer 
AM Series LE & tH Series CB Series PC Series PY Series 


... it’s the most complete line of relays to meet almost every need. 
And they’re available from stock at leading distributors all over the 
country. Write today for catalog information. 


7 
| A DEPARTMENT OF ELGIN NATIONAL WATCH COMPANY 


| ELGIN, ILLINOIS AND BURBANK, CALIFORNIA 
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engraving and etching. Also discussed 
are various types of finishes and coat- 
ings. as well as marking and luminous 
materials. United States Radium Corp. 
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POWER RECTIFIERS Bulletin IR-1 de 
scribes a series of d-c power rectifiers 
with specific applications for the ener 
gizing of magnetic chucks. operation 
of small d-c motors. furnishing of cur 
rent for d-c control circuits, an T 
re-magnetizing meter field magnets 
Included are descriptions of seleniun 
germanium and silicon models. Rapid 
Electric Co 
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PORTABLE SHIELDED MEASUREMENT 
CHAMBER —Data Sheet 131 illustrates 
ind describes the port ible Fernetic Co 
Netic shielded measurit 


signed for testing delicate instruments 


g chamber ade 


inder simulated pressure. vacuum, alti 
tude or non-pressurized conditions in 
laboratory or field. Magnetic Div.. Per 
fection Mic a Cs 
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RETAINING RINGS Fiftv-four pa 


revised ¢ atalog oives ¢ omplete en 


gineer 
ing data and specifications on a full line 
of “Truare” retaining rings. Included 
are numerous illustrations. engineering 
ind design services offered. case his 
tories and field applications. and 
ious tools used for insertion and re 
moval. In addition. many dimensional 
tables and drawings are provided 
Waldes-Kohinoor. Ini 
Circle No. 64 Reader Inquiry 
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COLLECTOR RINGS——Bulleti: 


scribes custom-built collector 
[wo types of collector rit 


drical style. and the annular 


| 
illustrated. The bulletin ; 


to prepare data for estimi 
\. Wesche Electric Co 
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PRECISION MOTORS Brochure 
sents examples of the precision. sub 
fractional hp motors and related cor 
ponents manufactured by this company 
Hundreds of precision motor desig 
are av tilable Tor which complete man 
ifacturing and production tooling are 
in existence Phe s« ope ot these designs 
range over the various product classi 
fications illustrated in the brochure by 
random typical examples. Wright Ma 
chinery Co., Div. of Sperry Rand Corp 
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BRAKES, CLUTCHES, CONTROLS FOR 
MINIATURE MECHANISMS Catalog 
digest WEB 6292 gives easy-to-read 
facts about electric brakes, clutches 
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... dependable 
since 1914 


tangible, definite and usable help... ‘ 
by people who are eager to give it, 


able to give it! 


JANUARY 1958 Circle 233 on page 17 





"Best Suited" for 


TCM ae Uta) 


VARGLAS SILICONE 


CLASS H 
_ TUBING and SLEEVING 


for applications requiring prolonged heat 
endurance at temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were 
developed by Varflex for applications in- 
volving continuous operating temperatures 
up to 260°C. Exceptional stability is com- 
bined with the following qualities .. . 


FLEXIBILITY... sharp turns and 90° bends 
cause no cracking or peeling —no loss of 
dielectric strength. 


DIELECTRICALLY-STRONG—Al! grades conform to 
NEMA and MIL-I-3190 standards. 


MOISTURE-RESISTANT—including resistance to 
salt water, mild alkalis and acids. 


FLAME-RESISTANT — Standard burning test is 45 
seconds to burn 1 inch. Can be made self- 
extinguishing on special order. 


COLD-RESISTANT—Excellent resistance to chafing 
and abrasion, flexible to —35°C.* 


*For temperatures down to —65°C, and for 
applications requiring extraordinary flexi- 
bility, we recommend our new Varglas 
Silicone Rubber sleeving and tubing. In- 
quiries invited. 


Send 
for 
FREE 
SAMPLES 


Mail coupon today for free folder containing 25 
different test samples of Varflex insulating sleeving, 
tubing, lead wire and tying cord. 


- ‘CORPORATION BEER ER BERR 
\ Makers of Electrical / 
\ Insulating Tubing / WARFLEX SALES CO., INC., 309 N. Jay St., Rome, N.Y. 


cond Sleeving / (For Silicone Products Only) 


Please send me free folder containing samples of your electrical insulating tubing and 
sleeving. 


I am particularly interested in insulation for 


' 


Name 

Company 

Street 

City Zone State 
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and controls for miniature mechanisms 
or high torque machine drives. In 
cluded are features, operation. ad- 
vantages and numerous _ illustration- 
Warner Electric Brake & Clutch Co. 
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DRY-TYPE DISTRIBUTION TRANS- 
FORMERS— Bulletin 137 contains data 
on the following four series of dry-type 
distribution transformers: (1) 3 to 10 
kva. class H insulation: (2) 15 to 
11214 kva. class H insulation: (3) 3 to 
11214 kva. class B insulation—silicone 
impregnation for moisture repellence 
non-deterioration and additional ever 
load capacity: (| 4) 150 to 500 kva. class 
B insulation. R. E. Uptegraff Manu 
facturing Co. 
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CONSTANT DISPLACEMENT PISTON- 
TYPE HYDRAULIC MOTORS —Bulle: 
4-5205-A contains up-to-date data 
augmented and improved airborne 
stant displacement piston-type hydrauli: 
motors. Four new sizes for a total of 3¢ 
have been added to this line since the 
previous bulletin (A-5205 Power 
range is now 3.8 to 117.4 hp in inte 
mittent service at 3000 psi. Upper lin 
of ambient temperature has been raised 
from 160 F to 275 I Vickers. In 
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HAIRSPRINGS FOR INSTRUMENTS 
Eight-page booklet is a practical guid 
for the product engineer called upor 
design and specify hairsprings for 
struments. gear trains, clocks and othe 
fine mechanisms. The booklet contain- 
recommendations for the selection of 
materials to deal with a wide variety 
of specific operating conditions. It also 
tells how to specify the various physica 
requirements of a hairspring and di- 
cusses the relative importance to 
given to the effect of torque. O.D 
cross-section and collet hole size. For 
mulas are given for ready calculatio 
of torque, stress. and perm ssible stress 
concentrations. Associated Spring Corp 
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125 C ENCAPSULATED R-F CHOKES 
Bulletin No. 125 describes 125 ¢ 
capsulated r-f chokes that are epox 
encapsulated and meet performance 
quirements of MIL-C-15305A,. Grade | 
Class B. Inductances range from 0.1 
uh to 10 mh in subminiature sizes. In 
cluded is a section covering theory of 
typical application in r-f circuits. NYT 
Electronics. Ine. 
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V-BELT DRIVES Comprehensive Bul 
letin A661 is intended to assist plant 
engineers and others with power trans 


mission problems. This 108-page book 
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PRECISION RESOLVERS 


wien A SYOTEM ERROR OF 8 MINUTES MAX. is reauireo, 


two 15-4042-06 compensated resolvers can be used as a matched pair* 


All units can be varied to 
meet your exact specifica- 
tion. ‘Write for further in- 
formation today, detailing 
your requirement. 


ELECTRICAL CHARACTERISTICS 
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¢ Operating temperature ranges - 65°F to + 400°F. « Meets MIL—E—5272. © Sizes 8, 10, 11,15, 
18 and 23 can be supplied. ¢ Transformation ratios and phase shift to your design specs. 
¢ Functional accuracies as low as .05%. 
Other products include ser- 
vos, synchros, motor-gear- MANUFACTURING COMPANY 
trains, AC drive motors, DC 


Your Rotating Equipment Specialist 
motors, servo mechanism as- 


Avionic Division 


semblies, servo torque units, Racine, Wisconsin 


motor tachs, reference and 
tachometer generators, actua- EASTERN OFFICE WESTERN OFFICE 


. 237 North M 
tors and motor driven blower vase aoregget oa pecpeathasetin tie eo 
Hempstead, Ll. |., New York Culver City, California 
Phone: Ivanhoe 3-4653 Phones: EXmont 1-5742 * TExas 0-1194 
TWX Hempstead N. Y. 705 AP ee es 


and fan assemblies. 


Burton Browne Advertising 


Engineers For Advanced Projects: 


Interesting, varied work on designing transistor circuits and servo mechanisms. 
Contact Mr. Robert Burns, Personnel Manager, in confidence. 
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with the revolutionary NEW 
Insuloid Kerrie) =WIRING SYSTEM 


TRADEMARK 


Fixing cables the old-fashioned wrap | Fixing cables the fast, efficient Cradle- 
method ... it takes an average 12 | clip way .. . notice it takes only 5 


seconds per fixing point. 


seconds per fixing point. 


The above series of photographs dramatically illustrate the speed of installation and 
well-engineered appearance of the amazing ‘‘Cradleclip’’ Wiring System. This system 
consists of a series of Cradles and Binders, moulded from tough Nylon that is virtually 
unbreakable, and a series of Extensible Clips moulded from Neoprene that combines 
the right degree of toughness and flexibility to hold any type of cable securely without 
damage. Sizes available to meet the requirements of cable groupings having a di- 


ameter of 4 iach to 2 Y, inch. 


Ideal for use in all climatic conditions. Installation is 


fast, easy and efficient . . . the Cradles, used for anchored wiring, are screwed in 
position, the cables laid in place, and a Clip is hooked to the Cradle . . . for unsup- 
ported fixing, a Binder is held in place on one side of the cables and then secured 


in position with Clip. 


SAMPLES 
je AVAILABLE 


Write today, with no obligation 
on your part, for your free sample 
kit ; contains samples of all 
sizes of the Clips, Binders and 
Cradles 
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ADVANTAGES 
@ Provides high-speed, simplified wiring operation. 
® Neat, compact, well-engineered appearance. 
®@ Wiring changes can be made with extreme ease. 
@ Reduces wiring costs and speeds up production. 


A PRODUCT OF 


LECTR@VERT INC. 


124 EAST 40th STREET NEW YORK 17, N.Y. 
Phone: OXford 7-8397 
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contains easy-to-read information on se- 
lection and operation of V-belt drives 
Pages are arranged in sections covering 
standard. variable speed and_ special 
drives. taper-lock sheaves, sealed-life 
V-belts. and taper-lock bushings and 
hubs. Tables give horsepower capaci 
ties, belt speeds, center distances 
sheave diameters, and other data wher 
special drives are required. Dodge 
Manufacturing Corp. 
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OPTICAL PICKUP ATTACHMENT FOR 
PUNCHING PRINTED CIRCUIT BOARDS 
[wo-page illustrated catalog sheet 
describes the Dupl-O-Scope, an optical 
pickup attachment for punching ten 
plates direct from drawings or print 
master circuits. Designed primarily 
an accessory for any of the company s 
fabricator-duplicate in punching ¢ 
tronic printed circuit boards, the 


also has applications for 


p 
complex hole patterns in any shee 


terial to a « ipacity of 
steel. Wales-Strippit Co 
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CURRENT PULSE-VIEWING RESISTORS 
Catalog Data Bulletin S-4 cont 

comprehensive data o1 

plic ations, characte 

resistance range 

nations. insulation. identifi 

dimensions on current pulse-vie 

sistors International Resistar 
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SPECIAL CAMS FOR INDUSTRY 
trated booklet describes a 

vice for providing indust: 
special « ims ot every ty pe whethe 
need is for a sin piece or for produ 
tion lots of thousands. Many of the 
modern manufacturing and testing 
cilities utilized in precision operations 
ire illustrated The booklet also 
-cribes briefly a few of the special cams 
designed ind produced to meet the re 
quirements of aircraft, guided sile 
electronics and textile industries 
\merican Cam Co 
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INSTRUMENT AND CONTROL 
SWITCHES —Bulletin 6162 gives cor 
struction features of Type 210° in 
strument and control switches and 
describes their advantages. Available 
as either maintained or spring-retur! 
contact types, the switches are used 
in conjunction with circuit breakers 
transformer tap changers, motor-op 
erated rheostats. and many other types 
of electrically controlled apparatus. 
Among the features described are 
flexibility. accessibility and depend- 
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se NATVAR 400 


—, EXTRUDED VINYL TUBING 


After more than ten years, 


the first Uy 105°C approved 
P.V.C. tubing is still the first 


choice of most leading 


electrical manufacturers 


throughout the world. 


oat) a 


this 
ba 


Ty 
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Natvar Products 


Varnished cambric—cloth and tape 
Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas © 


Isoglas™ sheet and tape 


Isolastane™ sheet, tape, tubing 
and sleeving 


Viny! coated—varnished tubing 
and sleeving 


Extruded vinyl tubing and tape 
Styroflex” flexible polystyrene tape 
Extruded identification markers 


Ask for Catalog No. 24 
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@ Today, Chatillon is designing and man- 
ufacturing springs of new materials: with 
tolerances so exacting they were consid- 
ered impossible just a few years ago. These 
springs meet the ever-increasing demands 
of our automation age. 


The engineers at John Chatillon & Sons are 
heirs to over 120 years of spring making 
experience and fully capable of filling all 
your spring needs. 


Next time you need springs. contact 
Chatillon. Your requirements will be met 
on time and at competitive prices. Write 
to Dept. P-5. 


85 CLIFF STREET, NEW YORK, N. Y. 


Manufacturers of Precision Springs and 
Force Measuring Instruments Since 1835. 
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DURAKOOL 
Tilt Switches 


are the Life of your 
Automatic Controls 


Durakool 
switch has 
uction fea- 

deliver years 

uble-free perform- 

ance on the most difficult 
assignments you can find 


Operating un sealed- 


. . . — - 
See telephone directory for local distributor, or write. > .° 
izes 65 amperes. 


DURAKOOL, INC. Send for Bulletin 525. 
ELKHART, INDIANA, U.S.A. 
700 WESTON RD TORONTO 9, CANADA 


eee 


TE) Cy) eae 
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ability. Allis-Chalmers Manufacturing 
Co 
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SILVER, SILVER ALLOY AND PRECIOUS 
METAL ELECTRICAL CONTACTS 

Four-page brochure describes silver 
silver alloy and precious metal electri 
cal contacts. It includes an availability 
table of special and composite con 
tacts. and goes into the design and 
specification stages in ordering con- 
tacts. A chart gives dimensions of all 
contacts available as standard from 
stock. A full description of butten and 
rivet-type contacts, their silver and al 
loy content. is also included. Contact- 
In 
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SILICON SWITCHING DIODE —-fFou: 
page folder describes silicon switching 
diode recommended for application in 
sawtooth oscillators, pulse generators 
bi-stable circuits. ring counters. and 
various switching functions. Including 
a brief discussion of theory and fun: 
tion. the folder shows a series of appl 
cation diagrams indicating a few of 
the apparent potentialities. Shockley 
Semiconductor Laboratory Beckman 
Instruments, Inc. 
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FACILITIES FOR GEAR PROBLEMS 

Pamphlet describes the facilities and 
industrial background of company and 
also illustrates and specifies the ca 
pacities ot the various types oft gears 
Braun Gear Co 
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ENVIRONMENTAL TEST CHAMBERS 
Illustrated 48-page catalog No. M-57 
describes a line of electric ovens 
furnaces. environmental cabinets and 
controlled temperature equipment for 
the laboratory, pilot plant and pro 
duction. Photographs and condensed 
specifications are included for standard 
equipment. giving size, temperature 
ranges. voltages. and capacities. Sizes 
are from less than 1 cu ft to 96 cu ft 
and temperature range covered is from 
32 F to 2850 F. Blue M Electric Co 
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BERYLLIUM OXIDE “BERYLCO” 
Beryllium Oxide—a refractory oxide of 
the light metallic element beryllium 

is described in an 8-page folder. Beryl 
lium oxide has unusually high thermal 
conductivity coupled with high electri- 
cal resistivity and dielectric strength. 
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PERMALLOY 


UL alas 


Starting with the smallest up to the largest, Arnold leads is required for its manufacture and insures its uniform 
the way in offering you a full range of Molybdenum physical and magneti perties. This big core is also 
Permalloy Powder cores for greater design flexibility . ( fered andard permeabilities of 60, 
from 0.500’ O.D. to 5.218” O.D. 26 anc 114 Mu. 

As long ago as 1953 Arnold pioneered and developed Most core sizes can be furnished with a controlled 
for production use the small ‘‘Cheerio”’ core illustrated temperature coefficient of inductance in the range of 30° F 
above. Tod ay, hundreds of thousands of Arnold ‘'Cheerio”’ to 130° F. Many can be su plied temp erent stabilized 
cores are filling the requirement for miniaturization in over the wide range covered y the MIL-T-27 specification 
circuit design in industrial and military applications. And of -55° C to +85° C another of the a features 
even smaller sizes are now under development at the only Arnold provides. @ bie us handle all your magnetic 
Arnold Engineering Company. materials requirements from the most extensive line in the 

Arnold also is the exclusive producer of the largest 125 ° industry: Powder cores, tape cores, cast or sintered Alnico 


Mu core commercially availabie. A huge 2,000 ton press permanent magnets, and special magnetic materials 


wWSW 6961 


rm tm THE ARNOLD ENGINEERING (SOMPANY 
complete line of - Permalloy  Fowder Main Office & Plant: Marengo, Illinois 
ilso with various types AL Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 


District Sales Offices: 
Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Bivd. 


New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St., N.W. 
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Kester FLux-Core Sovper is the time-proved solution 
to every soldering requirement. The exact tin-lead 


alloy, tailored-to-the-job flux content, quality ingre- 


dients and manufacture . . . all these add up to a “letter 


perfect” product... in the letters “Kester Souper.” 


WRITE TODAY for the KESTER 78 
page textbook “Solder . . . 


: 
Its Fundamentals and Oe ; 
Usage.” Free! wy 


KESTER SOLD 


4209 Wrightwood Avenue e Chicago 339, illinois 


Newark S, New Jersey e Brantford, Canada 
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The folder includes discussions on 
beryllium oxide powder. beryllium 
oxide crucibles, crucible wash, and 
beryllium oxide shapes. Tables describe 
the physical and mechanical properties 
and a typical analysis of beryllium 
oxide. The Beryllium Corp. 
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STITCHING METALS TO METALS OR 
METALS TO NON-METALS--Sixteen 
page booklet. “Metal Stitching, A New 
Idea in Fastening.” gives detailed in 
formation on stitching metal-to-metal 
or metal to non-metallic materials and 
illustrates several typical applications 
some of which have increased produc 
tion up to 7 times and cut materials 
costs by 66 per cent Acme Steel Co 
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A-C MOTOR-START, MOTOR-RUN CA. 
PACITORS Two 4-page bulletins, 17] 
BL3 and 221 Bl.1. cover a-c motor-start 
ind motor-run capacitors for air-con 
ditioning. heating. ventilating, and 
other motor applications. General ap 
plication information is included as 
well as specifications and sizes of stand 
ard stock items. A wide variety of 
terminal selections and mounting a¢ 

cessories are described. Aerovox Corp 
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SOLDERLESS PLUG-AND-RECEPTACLE 
CONNECTOR Bulletin describes the 
“Hyfen,” a solderless multi-lead plug 
and-receptacle connector based on a 
principle that permits greater depend 
ability and versatility in the wiring of 
electronic harnesses Included — are 
construction details. installation and 
disconnect procedures and dimensional 
drawings. Burndy Corp.. Omaton Div. 
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DIE CASTING—Ten-page — illustrated 
bulletin tells how to step up produc tion 
and cut costs with die castings. In 
cluded are a discussion of the ad 
vantages of die castings, how they are 
made. and how they should be de 
signed. Also included is a chart con- 
taining chemical and physical specifi 
cations. The Hoover Co 
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PRECISION INTERVAL TIMERS — Bul- 
letin No. AWH RC-300 describes a 
series of precision interval timers 
hermetically sealed units that use the 
basic construction of a repeat cycle 
timer. but with a novel switching sys 
tem which allows high accuracy over 
long range timing intervals. The bul- 
letin illustrates the unit, shows charts 
on typical ranges and provides outline 
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resistance problems on 
Since 1922, industry’s 
No. 1 source of 
standard and special 
electronic components 





This quality 
construction —1.C.E.— 
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Centraiab Radiohms® 
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MODEL 1 RADIOHM’ 


Continued 
on next page... 


stays cool 
when the heat’s on 


Centralab’s 
Model 3 Hadion) 


now with I.C.E.* 


The Centralab Model 3 Radiohm, with its exclusive 

*Interfused Composition Element, provides unbelievable wattage 
dissipation, yet is smaller than a dime. 

This miniature rotary potentiometer, with its rugged element, 

is ideally suited for high-temperature operations in both 
commercial and military applications. 

Advanced design features offer you both standard and locking- 
type bushings. Each is available with sealed construction to 

meet today’s demand for a unit that can be potted. 

For immediate delivery in ratings from 1,000 ohms to 2.5 


megohms, ask your local Centralab distributor for the JP 
and JL series. 


Only 10% maximum resistance 
‘ change, when used at 
typical 1 watt for 1-1/2 hours 
watt-hour 3/4 watt for 35 hours 
: j 1/2 watt for 80 hours 
r 
ating } 1/3 watt for 300 hours 
1/4 watt, continuous rating 
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Write today for 


Technical Bulletin EP-63, 
for complete engineering data 


A DIVISION OF 
GLOBE-UNION INC. 
914 E. Keefe Ave. 
Milwaukee 7, Wis. 
In Canada: 
804 Mt. Pleasant Road 
Toronto, Ontario 
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and mounting dimensions. A descrip- 
tion of operation and features is also 
included. The A. W. Haydon Co. 
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WING NUTS Specifications sheets 
over two new types of zine alloy 
fasteners. Each fastener is described in 
i separate data sheet which — lists 
dimensions, finish and material infor 
mation, as well as application data. 
One. the capped wing nut, Is a wing 
nut with a closed threaded section like 
i regular cap nut; the other, a washer- 
base wing nut, replaces a regular wing 
jut and flat washer. Gries Reproducer 
{ rp 
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MINIATURE BLOWERS AND FANS 

Six-page catalog describes miniature 
ixial and centrifugal blowers and fans 
for electronic cooling. ventilating. and 
exhausting The smallest weighs $ 0z.. 
lelivers 9 cfm. Performance curves, 
Ml specifications and other ‘chnical 
lata are furnished. Globe Industries 
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MINERAL INSULATED ELECTRICAL 
CABLE—Brochure describes the many 
ierits of safety mineral insulated cable. 
is well as its electrical and physic al 
properties. It is ¢ electrical cable 
offering high heat and water resistance 
ind a small OD in which one or more 
electrical conductors are insulated with 
i highly compressed refractory mineral 
insulation and enclosed in a_ liquid- 
tight and_ gas-tight metallic tube 
sheathing. General Cable Corp 
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FINE PRECISION GEARS Informative 
6-page brochure PG-100 describes pre 
ision gears. commercial gears, speed 
reducers and motorized reducers. The 
major portion ot the bro hure is de 
voted to precision gears and outlines 
many of the ranges, sizes and types of 
gears available. In addition, it illus- 
trates actual production steps used in 
the manufacturing process from the 
irrival of new materials to the finished 
gears. Grant Gear Works. Ine. 
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PLASTICS PROPERTIES CHART——-Com 
parative properties of Lexan poly- 
carbonate resin and other thermoplastic 
molding materials are outlined ir 
plastics properties chart CDD-5. The 
plastic shows outstanding impact 
strength (12-16 ft lb/in on the Notched 
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Now—two notable phenolic formulations 


by PLENCO 


especially designed for 
automatic press applications 
to assure easy flow, fast cure, ideal 


physical and electrical properties... 


for HIGH mold temperatures for LOWER mold temperatures 


PLENCO 470 PLENCO 480 


Provides fastest cures (without case Assures fastest cures at lower molding 
hardening) at molding temperatures temperatures of up to 325°F. Made 
in excess of 350 °F. Excellent preform with single-stage resin, new 480 Black 
ing characteristics . . . mold finish . . has excellent molded properties with 
as well as pourability and no-stick freedom from mold staining . . . ideal 
ease of operation. New 470 Black is pourability, operating ease and econ- 
ideal for a wide variety of applica omy of use. Flow range hard to soft. 
tions. Flow range hard to soft 


PLASTICS ENGINEERING COMPANY 


Sheboygan, Wisconsin 


Serving the plastics industry in the manufacture of 
high grade phenolic molding compounds, industrial resins and coating resins. 
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Izod test), and a heat distortion point 
of 280-290 F at 264 psi. Included are 
electrical and physical properties, as 
well as molding characteristics. Chemi- 
cal Development Dept., General Elec- 
tric Co. 
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A MICROWAVE METAL FILM RESISTORS 
for all Four-page brochure describes metal 
film resistors especially designed for 


equ ipment with use from d-c to 90,000 me. Included 


are waveguide metallized glass attenu- 


electron tubes— ator elements, coaxial load resistors, 


metal film resistance card, metallized 
mica elements 0.001 thick, and minia- 


| ture metal film rod and disc-type re 
SPECIFY IERC sistors. Filmohm Corp 
Circle No. 669, Reader Inquiry Service Cards 
e - a on page | 
heat-dissipating 
ACRYLIC RESIN-COATED- FABRICS 
electron tube AND LAMINATES Bulletin No. 5 de- 


scribes “Lecton” aervlic resin-coated 


fabrie products and covers such points 


* . 
shields to as outstanding properties of different 
constructions, potential u ia 


ava 


bility. and present cost of 


increase tube 
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life! ~ 


SOLENOID VALVES AND ELECTRO- 
Maintenance ‘‘down time’’ and costs reduced for all MAGNETIC CONTROLS 


electron tube-equipped guidance, radar, aircraft, mobile surface communication, - noid = el a 
A : iterature form S-1 
radio-TV and other industrial and commercial types of electronic equipments! 


densed information on 


densed 


, ’ ; 7 . . : product line. Categories coveres 
You can get immediate, most fective results ¢ with IER( 


Heat-dissipating Tube Shiel 1e exclusive, patented, time-prover 
design available in a wide selection to meet every electronic equipment 
requirement for new or retrofitting applications. IERC shields give 


1 | magnetic control categories 
you the only commercially-available heat-dissipating shield which will wi > F ‘ 
actually meet or exceed military specifications because they provid AULOMALIC TEARSIET SWHECRES, FCM 


e 
i 


solenoid valves include 2-way 
way, corrosion resistant manual 


and special purpose valves. Electro- 


. . ° ] 

greatest reduction < f electron tube bulb ope rating temper: tures. maxi- trol switches contactors relay 

mum vibration and shock protection plus compatibility with all tube oids. Automatic Switch Co 

diameter tolerances. Circle No. 671, Reader Inquiry Ser 
: ; on page 7 

Investigate this proven way to get increased tube i 

reliability by eliminating electron t 


heat, vibration and shock! 


i-f "7 j INIT ert 
ltfe and equipmen 


aused by 


ELECTRIC IMPULSE COUNTERS Bull: 
We'll gladly send you our IERC Heat- tin E-13. entitled “The Use of Sodeco 
dint pat ng Tube Shield Guide showing Impulse Counters in Combination wit! 
over 1.400 tubes and tube shield ¢ ahinn- lransistors”. and its companion Bull 


7 . + 9Q 66 ; r) 
tions to select from for nereased tube tin E-28 \pplication of Sodeco Ir 


lity. Write today! pulse Counters in Conjunction with 


of several different 


life and reliab 
’ Electronic Tubes ive wiring diagrams 
and descriptions 
® ~‘~e set-ups on incorporating electri impulse 
™~ counters into electronic devices. Landis 
5 ~ & Gyr, Inc. 
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electronic research corporation on page 


145 West Magnolia Boulevard, Burbank, California 
ELASTOMERIC ADHESIVE FACILITIES 

Booklet discusses company s recent ex- 
pansion of its elastomeric adhesive pro 
duction facilities. which it is now mak 


Heat-dissipating electron tube shields for miniature, subminiature octal < ing available to all industry. The sery 
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it’s quality you’re after, 


call a Hoover Man 


When you buy a quality product you 
want to be sure you get what you 
paid for. That’s why so many of 
America’s leading manufacturers buy 


from Hoover. We’re specialists in qual- 


(e 


ity aluminum and zinc alloy die cast- 
ings. Our quality-control program is 
second to none. Why not let one of 
our Sales Engineers tell you about us? 


A phone call or letter will bring him. 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 >) 


In Canado—Hamilton, Ontario 


‘DIE CASTING » HOOVER 


JANUARY 1958 Circle 244 on page 17 





Now—the first 155°C (Class F) 
magnet wire designed 


Another Anaconda first! Anatherm—a new 
polyester film-coated magnet wire—fully tested 
for use at “hottest-spot”’ temperatures up to 
155°C. With this new higher level of thermal 
stability, Anaconda Anatherm is the first film- 
coated wire to meet the newly adopted AIEE 
155°C (Class F) rating! 

Greater thermal stability—plus excellent 


abrasion-resistance characteristics, chemical 
stability and dielectric strength—makes Ana- 
therm ideally suited for manufacturers seeking 
maximum performance and reliability from 
smaller and smaller equipment operating at 
higher and higher temperatures. 

As a polyester magnet wire, Anatherm can 
be used equally successfully at any hottest-spot 





‘ 


polyester film-coated 
to meet new AIEE requirements 


\ 
temperature over the range of 105°C to 155°C. f= 4 ~Free Technical Bulletin on Anatherm 
: 7 : . on \ Magnet Wire is available. Simply write: 
Available in single and heavy film thickness : 


} » Anacon da Wire & Cable Company, 
in AWG sizes from 15 through 25. \ § 25 Broadw 


ASK THE MAN FROM ANACONDA 


ABOUT ANATHERM MAGNE 
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electrical 
enclosures 


custom fabricated 
by Kirk & Blum 


e Control Desks and 
Consoles 


e Instrument 
Panels 


Boiler, 
Turbine, 
Generator Panels 


e Power Distribution, 
Control Panels 


e Switch Gear 
Housings 


e Cubicles 


e Weather proof 
Housings 


e Transformer Tanks 


e Test Stands 


For industry, power plants and 


utilities, Kirk & Blum c 
type of metal enclosur 
and economically. 
Send your prints for p 
quofoatioi 


on produce any 
e... quickly 


rompft 


\ YEARs OF 
2) ( SERVICE 


weeeeeeersoes 


THE KIRK & BLUM MANUFACTURING CO. 3122 FORRER STREET, CINCINNATI 9, OHIO 
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ice will provide companies with an 
outside or supplementary source for all 
or part of their adhesives. Johns-Man- 
ville. Dutch Brand Div. 
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APPLICATIONS OF COPPER FOIL 
Eight-page illustrated booktet D-8-R. 
suggesting commercial applications of 
copper foil, describes the properties of 
“Electro-Sheet” copper foil. Its electri 
cal applic ations—such as electrostatic 
shielding. printed  circuitry—are in 
cluded. The American Brass Co 
American Brass Co. 
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Manufacturers’ 


Publications 
t selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manutacture! on company letterhead 
mentioning ELectricaL MANUFACTURING 
as your source 


ALUMINUM BUS CONDUCTORS — This 
176-page, illustrated volume, titled 
“Kaiser Aluminum Bus Conductors 
Technical Manual.” has been designed 
as a basic guide for use in engineering 
aluminum conductor installations. 

Purpose of the book is two-fold: (1) 
to illustrate, describe. and classify the 
numerous aluminum bus bar shapes and 
alloys now available, and (2) to assist 
the reader in making the most advan 
tageous utilization of aluminum for 
various electrical bus bar designs and 
applications 

Some of the more valuable sections 
include detailed discussions on fabricat 
ing processes, mechanical design, join- 
ing, installation methods, and acces 
sories. The chapter on fabricating deals 
with comparison of surface finish, 
strength characteristics, and  dimen- 
sional tolerances imparted to the 
aluminum alloys through the various 
mill production methods. 

Accessories commonly used for join 
ing. supporting, tapping, and terminat- 
ing bus bar, showing a wide variety of 
installation methods, are included. In 
addition, there are numerous charts 
graphs, line drawings. and other illus- 
trations throughout 

The scope of information is sufhcient 
ly broad to interest all persons en- 
gaged in the distribution and trans 
mission of electrical power. 

The manual may be obtained free 
of charge when requested on company 
letterhead or at a cost of $7.50 for 
personal libraries. Copies are available 
from Technical Editor, Kaiser Alumi- 
num & Chemical Sales, Inc., 919 No. 
Michigan Ave.. Chicago 11, III. 


ELECTRICAL MANUFACTURING 





PRODUCT-DESIGN 


MEMOS FROM DUREZ 


Metallized phenolics Making epoxies 
Dip coating compounds flame-resistant 


Bright idea 


Next time you want to put a bright reflec- 
tive surface on a part, think of me! zed 
phenolic. It may save you a costly pro 


duction step 


Object: economy For instance, this hous- 
ing tor a microscope lamp requires a mit 
ror to focus the light 

To sidestep the c f a custom-made 
mirror, the housing is molded of Durez 
phenolic. Then an aluminum mirror 
deposited right on the plastic by vacuum 
evaporavion 

This is easy to do with the Durez com- 
pound chosen for this part. It provides a 
good hard surface for metallizing. It in 
corporates other wanted properties: hig 
impact strength and low thermal condu 
tivity 


. « - or good looks More often, perhaps 
you'd use metallizing for the sake of ay 
pearance. An example ts this handle for a 
combination coffee-and-tea maker and 
carafe 

Molded of Durez phenolic, the handle 
stays cool regardless of the appliance’s 


The Silex Company 


temperature. And it takes on a lustrous 
metallized finish, in copper or brass, to 
match the trim on the appliance and add 
sales appeal. 

You're on sure ground when you base 
bright ideas like these on phenolics. They 
give you a bigger choice of controlled 
properties than any other material in their 
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class. You can select the right balance Do you need a resin compound for 

from more than 150 Durez compounds electronic coating? For more information, 
To take a fresh look at today’s phenol- check the coupon 

ics, just check the coupon for a new four- 


page bulletin describing some typical How to make epoxies 


sad 4 

ure yding co yunds and what you : 

Durez molding compounds anc lat j resist flame 
can do with them 


Your epoxy laminates and castings will 

= shrug off heat, moisture—even fire—if you 

Components ina cure them with a new Durez product 
package called HET® Anhydride. 

n the picture, the laminate cured with 

tional hardener (left) ignites in 

1an 30 seconds and burns to destruc- 

1 about 3 minutes. Exposed to a 

, milar me source for the same time, a 

, ] snuffs itself out as 

me source is removed. 
eads to some interesting possibili- 
instance, you can now make 


These preassembled components can be 
great timesavers if youre producing 
printed circuits. 

A package combines Capacitors and re 

iy anc 

lickly installed in a inted 
QUICALY tallied in a printed 

You can have as many as 21 or more 
components in one subassembly, with 
complete choice of design. Known as 
PAC” units, they're made by Erie Re- 
sistor Corp 

[heir neat design points up an applica- 
tion Of phenolics that may give vo 


idea. To insulate these units, Erie 


glass-reinforced laminates that keep prac- 


tically all their flexural strength, even 

hen heated within the 300-350°F range 

Be Riles a You can make potting resins that re- 

tain room-temperature electrical proper- 

them in a Durez phenolic resin compound. ties at high humidities and at temperatures 
Dried and baked, the compound hardens above 300°F—and won't feed a fire. 


to a tough, heat-resistant, moisture-resist- If you'd like complete information on 


ant coating that doesn’t melt or peel when HET Anhydride, methods of use, and 
a unit is soldered, and is hard enough to properties of cured resins, check the cou- 
permit stamping or color coding pon for Bulletins 19 and 43 


were ere n ne -- = -- 7 


For more information on Durez materials mentioned above, check here 
Phenolic molding compounds—descriptive bulletin 
Phenolic resin compounds for dip coating 
HET Anhydride—Bulletins 19 and 43 

Clip and mail to us with your name, title, company address 


When requesting 
samples ple ase use business letterhead 


ee 


wee ew wwe www ewe eed 
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PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


1301 Walck Road + North Tonawanda, N. Y. 
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HOLTZER -CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 


125 Amory Street, Boston 19, Mass 


i 
| 
! 
| 
| GENTLEMEN Please send me data sheets on the 
| 
| 
| 
| 
| 
| 
| 
| 


Holtzer-Cabot R-25 Motor 
Please have representative 
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Editorial Reprints 








As manuscripts are projected for pub- 
lication in ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 


each issue of 


to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL Manuractur- 
ING reader qualifies for one copy of all 
single-article reprints. without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
beginning on 


Inquiry Service Cards 


page 17 Readers should cire le those 
numbers indicating the reprints desired 
If multiple 


prints are 


quantities of these re 


desired, the rates to govern 
Remittances 


are indicated must ac- 


company all orders. Larg 


r 


er quantities, 
special quotation. 


Cost of 
Single Subject Reprints 
Vo. of Vumbers of pages 
Reprints 412 16.32 
l Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
95 7.50 12.50 





REPRINTS NOW AVAILABLE 


Foamed Plastics for Structural Func- 
tions in Electronic Equipment. Jan- 
uary 1958, 8 This article 
describes use of sandwich-type ele 


pages. 
ments made from foamed _ plastics 
in mechanical parts, such as mount- 
ing plates, in equipment, such as 
airborne electronic systems, where 
severe vibration and other severe 
environmental conditions apply. Use 
of foam embedments as an _as- 


sociated technique is also described. 


(709) 


Design Advances from Magnetism Re- 
1958 16 
Commercial significance 


search. January pages 
ind de sign 
promise of new developments in 


soft magnetic alloys, particularly 
cube-oriented silicon-iron for power 
equipment; permanent magnets, in 
cluding design techniques for cur 
materi 
films and other 


promising candidates for compute! 


rent and soon-coming new 
als: thin magnetic 
memory devices: ferrites, garnets 
and the 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con 


ference on Magnetism (704) 


revolution in microwave 


Research Progress in  Dielectrics— 
1957, December 1957, 12 
Annual on-the-spot staff review of 
the meeting of the ( 
Electrical Insulation 
demv of Sciences 


pages. 


onterence on 
National Aca 
National Re 


search Council). Subjects discussed 


include Materials tor severe tem 
perature ind other environmental 
conditions In supersonk missile and 
aircratt ipplic iti S I diation r¢ 
sistance of silicones: degradation of 


Mylar film: insulation life of flexible 


insulation; mechanisms of electrical 
failure: 


cabli 


polyethy lene 
(712 


“treeing’” in 


T able and graphs 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages 
Advantages of clutches 
for control and instrument purposes 


hysteresis 
are evaluated, and important cir 
cuits analyzed. ( omple te details of 


design of 


electrical and magnet 
these clutches are presented, includ 
ing altitude operation considera 


tions (733) 


New Procedures for Designing Linear 
Chokes. 


A simple, widely 


and Swinging December 
1957, 8 pages. 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrate 
with 


sper ific examples. Complete 


design data and curves, verified by 


Sull Available 


EDITORIAL INDEX TO 
ELECTRICAL MANUFACTURING 
FOR 1956 


In addition to an annotated, sub 
ject-classified index to all the fea 
ture articles, this 24-page book 
provides an author index, and re 

produces the ELECTRICAL MANT 

Functional Subject 
Alphabetical 


To receive 


FACTURING 
Classification and 

Subject Cross Index 
without charge 


your copys ot this 

index circle No, 737 on the 

Reader Inquiry Service Card o1 
page 17 
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FIRST TIME EVER! 





TRANSISTOR 
ol bg 


EXTRUDED 


PROVIDES FASTER PRODUCTION, ~~ 
EASIER ASSEMBLY, " 
LOWER MANUFACTURING COSTS... 


Only CYCOLAC measured up to all requirements for the first extruded 
transistor cabinets ever made! Imagination and engineering provided 

savings of 87% on dies and engineering costs alone. CYCOLAC also has 
many other outstanding properties which made this possible. High impact 
strength, bright glossy colors, light weight, dimensional stability, 

excellent shock resistance, chemical resistance, and superb 


eT ge 


electrical properties. Moving smoothly off the production line, extruded 






Extruded ' 
profiles are cut to width, speaker openings die-stamped, units cabinets used in Knight-Kits 
inverted, cemented and presto! . . . cases are complete! produced by Custom Plas- 
tics, Inc., for Knight Elec- 
tronics Division of Allied 
Radio Corp., Chicago, Ill. 


To add to your profit picture, find out how CYCOLAC can help 


_ you make more attractive, better products and save money! 


Write Today for Technical Literature 


ESETTER IN 


Be Division of BORG WARNER + Gary, Indiana 
Marbon 


ilso represented by: 





- CHEMICAL 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
ii CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
SYNTHETIC RESINS — Export: British Anchor Chemical Corp., New York 





JANUARY 1958 Circle 249 on page 17 23% 











“a 


Se ey BUTTON SWITCHES 
oN SMALL MCRAE 














¢ 2 Simple Designs— 
provide many circuits 


¢ Rugged Metal Housing 
¢ Completely Enclosed 





923 Za: 


Series 903 (Red Push Button) Ser 
913 Black Push Button) for behind 
1el mounting 

Series 923 Red) Series 933 Black 
mounts from front of panel 


> 











Rated at 250 mils, ne 
A.C., 30 watts maxim 


tor connections 





Also Available 
‘‘TINI-SWITCHES”’ 


An open subminiature design. 





Write for catalog S-57A 


1324 N. Halsted St. 
Chicago 22, Ill. 





Canadian Rep: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto, Canada 
Circle 250 on page 17 





The accuracy, uniformity and toughness 
of Wisconsin Porcelain Co.’s ceramics 
gives you a closer fit, speeds assembling 
and reduces production costs. These ad- 
vantages make Wisconsin ceramics 
especially suited to automatic and semi- 
automatic assembly processes. 


Precision 
- _ made 


Ceramics 


—that help 
to simplify 

your Serving latrical.sond: Bla 
Production 
Problems 


And their superior physical character- 
istics give you best results for permanent 
electrical insulation. 


If your components call for porcelain, 
refractory, steatite or filter body parts — 
send us a sample or blueprint and tell us 
your requirements. We will be glad to 
quote prices and delivery. 


WISCONSIN 
PORCELAIN (> COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 
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use in a design organization, are 
given. (702) 


Design of Cooling Fins for Semicon- 


ductors, November 1957, 8 pages. 
Removal of heat from semiconduc 

tor devices is accomplished pri 
marily by providing increased sur 

face area. The geometry, material 
selection and dimensions of cooling 
fins for this purpose depends upon 
numerous factors. Calculation meth- 
ods with convenient nomograms are 
presented for direct use in the de 

sign of fins. (710) 


Analysis and Elimination of Corona 


Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specifi 
procedures, such as changes in con 
figuration, to eliminate corona ef 
fects. Test methods for detection 
ind location of corona are also de 


scribed. (701) 


Housing Design for Centrifugal Blow- 


ers, November 1957, 8 pages. Effect 
of three major factors in housing de 

sign for single-inlet impellers of the 
squirrel-cage type are censidered 
scroll shape, housing width (with 
respect to blower width and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 


design parameters. (705) 


Evaluation of Enameled Magnet Wire 


And Applications, October 1957, 
20 pages A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
nylon-Formvar 
epoxies Teflon, Teflon- 
acrylic, and polyurethane. Detailed 


Formvar nvlon 
polyeste I 


tables of properties, application 
| 
| 


vantages ind disadvan 


areas «if 
tages of specific types, trade names, 


ind appli ible standards (729) 


New Relay Forms for A-C Operation, 


October 1957, 8 pages. Discussion 
of the disadvantages of existing a- 
relays and of the methods of using 
d-c relays on a-c. Two basically 
new forms of relay for intrinsic a-c 
use developed at the Naval Air 
Development Center are described, 
with details of their development 
including methods of magnetic cir 
cuit analysis. (722) 


Effects of Nuclear Radiation on Elec- 


tronic Components, September 
1957, 8 pages. Detailed experi- 
mental data on electronic compo- 
nents that have been operated and 
tested in gamma and neutron fields 
by Admiral Corporation under an 


FLECTRICAL MANUFACTURING 








Facts to consider when you’re buying 


Chromate Conversion Coatings 


for Corrosion Protection, Paint Base, Decorative Finishing 


WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized iine of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 


reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of a 
nonporous nature on the surface of the metal. This film is an integral part of the metal 


itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or specially 
trained personnel are required. 





If your company is manufacturing or 
assemblies 
of the 


metals— 


buying parts or complete 


made from or plated with any 


more common non-ferrous 





zinc, cadmium, aluminum, magnesium, 
silver, copper, brass or bronze—you’ve 
probably already run up against the 
irfaces with 
These 
protect against 
corrosion, or to provide a base for paint 
a decorative finish for 
shelf life. Since chromate 


a chromate conversion coating 


coatings are used t 





or to provid 
sales appeal or 
conversion coatings represent a rela 
means of 


tively new obtaining these 





finishes, thi 


1. THE COATINGS THEMSELVES. 
There are many brands on the market. 
All are similar in many ways. Each, of 
course, offers its own specific advantages 
and these may relate to operating 
techniques, performance under actual 
use conditions, cost, availability, etc. 
Naturally, you'll 
coating that is 
accepted 


want to choose a 
known and 


widely j 
military and 


both 
civilian specifications. 


under 


2. THE COMPANY BEHIND THE 
PRODUCT. Is it a reliable, established 
organization? Does it offer experienced 
technical service, both from the field- 
engineering organization as well as the 
home office and laboratories? The man 
who sells and services your installation 
should be thoroughly familiar with not 
only chromate conversion coatings and 
their applications, but also with the 
characteristics and performance of re- 
lated finishing operations such as pre- 
cleaning, electroplating, painting, etc. 
This is most important since all steps of 
the finishing cycle must be functioning 
properly for the satisfactory perform- 
ance of the ultimate finish produced. 


3. AVAILABILITY OF THE PRODUCT. 
Ideally, of course, the material should 


JANI 





ARY 19 


be readily available 





















warehouses to avoid time | 
shipping and to 
emergency service, 


distance 





arise. 
4. COST. Naturally, the 


of the material is im; 
However, just as you conside 





cost when 





mination of 





cost alone gives no indication 
performance, so careful attentior 
be given to the purpose the 
serve and the value that 
to your product. 


products from a reliab 


5. FACILITIES FOR RESEARCH AND 
DEVELOPMENT. Perhaps the existing 


types of chromate conversion c atings 


1 


skilled sales 


from both our 





do not include a comp 
accomplish exactly 


Then, it is importan 


supplier who has adequ 
and development facilities avail 


meet your 


project is 











m . ‘ 
But, with complete cooperation and : ee 
confidence from both you and i NT we 
supplier, chances are a _ satisfac . . a 
program can be completed. . ee 

He’s 
These are the concepts of sales st ind itin r 
service on which we, Allied Research classified telephone book. 


DMM tate oe) a 


INCORPORATED 
4004-06 E. MONUMENT STREET © BALTIMORE 5, MD. 





Manufacturers of Iridite chromate conversion coatings for corrosion resistance, paint systems, final finishing 
of non-ferrous metals; ARP Plating Brightener & Chemicals. West Coast Licensee—L. H. Butcher Co. 
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Air Force research contract. Spe- 


: cific components tested include: 
ae | } i insulated wire; resistors (wire- 
= & rh Pr wound, composition, carbon film 


and stannic oxide film); capacitors 
(mica, ceramic, glass, paper, and 
plastic); vacuum and_= gas-filled 
tubes; germanium and silicon di- 
odes; printed circuit boards. 
(732) 


Transistor-Magnetic Amplifiers, Sep- 
tember 1957, 8 pages. Seven com- 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli- 
fiers; a-c to d-c regulated power 
supply; low-level d-c harmonic- 
type amplifier. (728) 


Thermal and Acoustical Insulation 
Problems. August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 
pliance design. Applications are 
discussed in refrigerated equipment; 
ranges; water-heaters; air condi- 
tioners; and home laundry equip- 


standard line of motors ment. Materials discussed include: 


improved types of fibrous glass; 


adaptable to hundreds gas-filled insulation: cellular or 


foam plastics; molded fibrous glass 

: : Acoustical design problems are also 

of applications analyzed and applications of fibrous 
glass described. Property charts; 


temperature analysis charts; appli- 
YOU CAN ALWAYS cations illustrations (723) 


y 
4 j Numbering Systems, September 1957, 
RELY on GI 2 


MODEL A 
2-pole, shaded pole 
AC Induction Type 


MODEL B 
4-pole, 4-coil 
shaded pole AC 
Induction Type 


he 


MODEL D 
4-pole, 4-coil 
shaded pole AC 
Induction Type 


General Industries’ standard line of motors mal (10), duodecimal (12), also 
is adaptable, with slight variations, to a decimal numbers. A needed 
yackground for computer and nu- 
literally thousands of applications. This merical control system design. 
means that your motor requirements can (703) 
most likely be met without additional Minimizing Partially Developed Relay 
time-consuming engineering. Tree Circuits. August 1957, §& 
pages. In a fully developed relay 
If you are currently using fractional horse- tree (all possible outputs utilized) 
power motors, or are planning a product the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange 
General Industries. We'll gladly make ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


igh-Precision Electromechanical Lin- 
ein fF FNERAL TUR ESS CO. ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 


DEPT. GL e ELYRIA, OHIO of accuracy, linearity, resolution 


that calls for their use, phone or write 


recommendations — without obligation. 


<s 


MODEL E 
4-pole, shaded pole 
AC Induction Type 


Write for complete specifications and 
quantity price quotations TODAY! 


: 
| 
| 
| 
, 
| 
| 8 pages. An easy-to-read but stimu- 
| lating discussion of the concept of 
. Fractional H. P. Motors number and the basic arithmetic of 
0sitional numbering systems with 
Ss ~ | WOR 6. P90 IO HF. nt base: binary (2), ternary (3), 
| quaternary (4), quinary (5), deci- 
| 
. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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RLV AL 
electrical wonder rubber OFFERS TRIPLE VALUE 


Performance! Versatility! Economy! In all three, Enjay Buty] is the world’s 
outstanding rubber value. In laboratory tests, and a wide variety of applica- 
tions, no other rubber has matched Enjay Butyl’s ability to resist ozone and 
corona, impact and abrasion, moisture and weathering... properties that 
make Enjay Butyl-made products outstanding performers. 


Underground service cables, transformer housings, high-voltage industrial 
cables ...in these, and many other electrical applications, Enjay Buty] out- 
performs and out-lasts all other types of rubber, synthetic or natural. Low-in-cosf 
and immediately available, this truly wonder rubber may well be able to cut 
costs and improve performance in your products. For further information, 
and for expert technical assistance, contact the Enjay Company. 


Pioneer in Petrochemicals nding resistance to agin 

abrasion « tear « chipping « cracking 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. ozone and corona + chemicals + gases * 
Akron Boston * Chicago + Detroit * Los Angeles * New Orlea Tul 


cold « sunlight + moisture. 
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and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and _ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westing- 
house “Nultrax.” (725) 


Design Procedures for Special Type 
High-Temperature Transformers, 
July and August, 1957, 20 pages. 
A two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization and vibrator 
supply transformers. (735) 


Integration of Dielectric Materials, 
Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature’ dielectrics for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
insulation. Statistical studies in in- 
sulation life. Tables and graphs are 


included. (721) 


Using Boolean Algebra to Design 

Static Control Circuits, July 1957, 

12 pages. Staff report of Boolean 

algebra design techniques employ- 

(courtesy of Power Equipment Co ed by an original equipment man- 

ufacturer to translate mechanical 

sequence descriptions into machine 

25 amps at 330. volts DC control circuits of commercially 
available static logic elements. [I- 
lustrated step-by-step with actual 


regulated by 
alee TMLee design work sheets detailing the 


evolution of a typical machinery 


drive control. (720) 


Relay Design Targets, June 1957, 12 

pages. Report of the 5th Electro- 

Magnetic Relay Conference held at 

Oklahoma A & M College in April 

deals with relay design, application 

aa > TED and testing. Much of the latter has 

ELECTRONS, INCORFORS to do with selection of relays for 
127 SUSSEX AVENUE reliable operation under extreme 
n.d conditions of shock and vibration, 
such as encountered in missile cir- 


Thypwlo cuits. (717) 
pobiohte Applications for Glass Materials and 


Components, June 1957, 8 pages. 
Glass as an engineering material is 
discussed in three broad classifica- 
tions: (1) structural applications; 


NEWARK 3, 
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alert eel 


Leesona No. 107 Coil Winder winds high quality ignition coils for New York Coil Com- 


pany, Phoenixville, Pa 
tronics and TV industries 
return per 
we und 


annum on the No 


107 is 40% 
yn these machines 


, important parts and assembly suppliers to the automotive, elec- 
Although plant operates only on a 40-hour week, investment 


Inset shows Nye 


» automotive ignition coil, 


At New York Coil Co.— Leesona No. 


shows 40% Investment Return 


Would it pay New York Coil Com- 
pany, manufacturer of automotive 
ignition, electronic and TV parts and 
assemblies, to install Leesona No. 107 
Coil Winders for producing ignition 
coils? It did! 

The handles the three 
machines you see pictured. The ma- 
chines wind 26,000 turn ignition coils 


operator 


of superior quality. The company is 
realizing a 40% annual return on its 
investment. J. R. Zikmund, president 


FOR WINDING COILS 
IN QUANTITY... ACCURATELY 
... AUTOMATICALLY ...USE 
LEESONA WINDING MACHINES 


JANUARY 1958 


of New York Coil, commenting on the 
company’s experience in its newly ex- 
panded plant says, “We are paying for 
our new Leesona equipment out of 
savings being realized on current pro- 
duction output.” 

The Leesona No. 107 Machine has 
an automatic feed and is particularly 
suited to precision work at a high 
production rate. Sensitive “‘strap 
type’ tension insures a smooth flow 
of fine wire. Insulation 


sheets are 


automatically inserted. The traverse 
mechanism is_ readily adjustable. 
‘Down time” and “Set-up time”’ are 
at a minimum. 


See for Yourself 


. . . how you can make your opera- 
tions more economical and flexible 
with the Leesona No. 107 Coil Winder. 
Send the coupon for details on this 
and other coil winding machines. 


UNIVERSAL WINDING COMPANY 


P.O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 131 


Please send me 


[] Bulletin on the Leesona No. 107 Coil Winder. 


[| Condensed catalog of Leesona Winders. 
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ONE-COIL ECONOMY... 
TWO-COIL EFFICIENCY 


{ a 


ae COMPACTNESS 
positive Awilchting 
and dependable opeuttion.. 


AT LOW COST... This new Type W relay features an insulated 

rocker arm activated by a single coil, instead of the usual two. 
Ideal for use in machine controls, appliances, positioning devices, remote 
TV controls and other applications where opposite switching 
is desired each time the circuit is pulsed. Good shock and vibration 
resistant qualities. Contact combinations up to 4 “C’”; rated 7% 
amperes @ 115 V. AC resistive. Can handle up to 4 h.p. 
on motor applications. 


Send for Bulletin W 
aa earner 
QUIN GT cectric company 


3349 ADDISON ST. CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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(2) components; and (3) special 
purpose materials. Properties are 
summarized, applications analyzed, 
illustrations and property data 
provided. (716) 


Review of Environmental Test Equip- 


ment, May 1957, 8 pages. Points to 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 
reference. (718) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages 
Revised specifications for the appli 
cation of electrical] apparatus t« 
welders and other industrial equip 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit 
March 1957. Single reprints, n« 
charge. Multiple quantities obtain 
able at the following prices: 5- 
$3.75: 10—$6.00: 25—$12.50: 50 
$20.00: 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York 
(724) 


Considerations in Testing Thermistors, 


May 1957, 8 pages. Proper meas 
urement techniques for design and 
acceptance testing of thermistors 
Methods are described for deter 
mining resistance, voltage, time 
delay, and _ temperature-resistance 
slope (715 


Temperature Rise in Servo Motors, 


April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
of basic heat transfer laws. Ex 
amples worked out. Tables of 
thermal conductivity and heat trans 
mission included. (734) 


Timed Acceleration of D-C Motors, 


March 1957, 12 pages. Three elec 

tronic control circuits for program 
ming linear acceleration and decel 

ration of integral-hp d-c motors in 
closed-loop drive systems: (1) for 
linear acceleration during startuy 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 
speed changing. (713 


Turn the page 
for listing of 


Multiple Reprints 





whatever the job... 


Self-sticking Thermosetting 


Hf Another product of Permacet-|Epace's inc. New Brunswick, N.J. 


i_f f ® 
a OVA ai} Wire? company 


Tapes + Adhesives + 


and Chemical Materials 
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Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MAaNuFAcTuRING, 1250 
Sixth Avenue, New York 20, N. Y 














at 60 cycles 


80 100 120 
TEMPERATURE °C Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 

published articles dealing with the 

embedment, encapsulation, and im- 

abrasion resistance pregnation of circuit units and com- 
ponents. Individual articles cover: 

corona resistance Property data on casting resins; 
Evaluation tests on resin systems; 

i Results of environmental tests on 
mechanical strength embedded units; Process control 
problems. An annotated bibliog- 
raphy of articles in electrical insula- 


tion and dielectrics is included. 
$2.00 


DIELECTRIC CONSTANT 


moisture-proofness 


tet ee leeles al tts 


Human Engineering in Equipment 

fungus-proofness Design, 94 pages. Ten prev iously 
published articles dealing with the 

theory, techniques and practice of 

add up to — on human engineering written for the 
special needs of the designer ol 

electrically energized machines, 

equipment, appliances and instru- 

ments. Relationship between human 

engineering and broad aspects of 


e 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
mene cana — 


specific design parameters, includ 
ing problems in military equipment, 
. contro] systems, data pro essing 

“¥ OBC cleeyj . ; . : ; é 
FLUOROFLEX -C sleeving combines all these outstand- systems, special-purpose instrumen- 
ing properties .. . providing the ultimate in Class H insu- tations, and training devices. Meth- 


lation for tight spaces and hot spots. Dielectric strength ods for setting up human engineer- 
ing groups within an engineering 


(.060” thick) is 500 v./mil. T 
organization are given. Tables of 


Extruded from a new type of Kel-F® resin which has human engineering “do's and 
don’ts” and other practical design 


improved flexibility and elongation, this sleeving assures a ie eel 1 artic 
P e ° se aia 3 € S are provided. oeveral articies 

freedom from the pinholes or porosity encountered (espe- give de tailed bibliographies. 

cially after mechanical abuse) in other more costly sleev- $2.50 


- 


ings for 180°C service (356°F). Servo Series, 48 pages. A collection of 

FLUOROFLEX-C sleeving is available transparent five articles by servo engineer 
and in translucent standard colors—for wire harnesses, — ™ oe Fag bbe = 
leads, terminals and resistors. Sizes start from “spaghetti” Tacs “- cease 


>No. 2? wp 4 : ; ‘ a 
for No. 24 wire and go to 114” I.D. Send for data. nism design. The series is intended 
R re OROFLEX is a Resistoflex trademark. Kel-F is a for the non-servo engineer and 

wnnesota Mining & Manufacturing Co. trademark avoids almost totally the use of 

complex math and obscure termi- 


nology. Yet, the series is complete 


enough to permit the reader to de- 
E EX sign and analyze a simple servo 
Coverage includes how and why 


servos work; servo terms and spec- 
hn ifications; selection of components; 
ou : ; i 

western Plant: Dallas, Tex. linear and non-linear servo design; 


20th year of service to industry 


CORPORATION © Roseland, N. J. * Western Plant: Burbank, Calif. 
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The 


The Panelbuilder 


ES 


99 CUTLER-HAMMER OFFICES 
SERVE EVERY INDUSTRIAL AREA 


Recently Cutler-Hammer 
nounced the opening of new sales 
offices in Medford, Ore. and Louis- 
ville, Ky. With the addition of these 
two offices, the number of sales of- 
now totals 55 serving every 
industrial area. In addition to these 
offices there is a nationwide net- 
work of Authorized Cutler-Hammer 
Distributors who maintain stocks of 
motor control components. For com- 
petent assistance in the application 
of motor control and a reliable sup- 
ply of control components, contact 
your nearby Cutler-Hammer Sales 
Office. 


an- 


fices 


Albany 7, N.Y 
Atlanta 13, Ga 
Baltimore 18, Md 
Birmingham 9, Ala 
Boston 35, Mass 
Buffalo 25, N. Y 3385 Harlem Rd 
Charleston 4, W. Va P.O. Box 4012 
Charlotte 2, N.C 237 S. Tryon St 
Chicago 34, | 6525 W. Irving Park Rd 
Cincinnati 2, Ohio 804 Plum St 
Cleveland 7, Ohio 1521 W. 117th St 
9, Ohio 2700 E. Main St 


2319 Maryland Av 


323 Oxmoor Rd 
415 Western Ave 


Columbus 9 

Dallas 7, Tex 
Davenport, lowa 
Dayton 2, Ohio 

Denver 4, Colo 

Detroit 38, Mich 
Fresno 21, Calif 
Grand Rapids 2 

Houston 6, Tex 

Indianapolis 5, Ind 
Kansas City 11, Mo 4550 Main St 
Los Angeles 22, Calif. & 31 Bandini Blvd 
Louisville 6, Ky 416 Frankfort Ave 
Medford, Ore 1320 Queen Anne Ave 
Midland, Tex 4017 Roosevelt Bivd 
Milwaukee 6, Wis. 2312 W. Capitol Dr 
Minneapolis 15, Minn. 523 S. 7th St 
Newark 5, N. J 315 Sherman Ave 
New Haven 18, Conn. 2331 Whitney Ave 
New Orleans 12, La. 833 Howard Ave 
New York 18, N.Y 8 W. 40th St 
Omaha, Neb 320 W.0.W. Bidg 
Philadelphia, Pa 65 West Ave., Wayne, Pa 
Pittsburgh 5, Pa 2240 Noblestown Rd 


15427 Woodrow Wilson Ave 
155 Van Ness Ave 

403 Bidg. & Loan Bidg 

P.O. Box 6463 

644 E 


Mich 


38th St 


JANUARY 


News for and about Panelbuilders 


ROTO-PUSH SIMPLIFIES CONTROL PANEL DESIGN 


Cutler-Hammer’s Roto-Push Control 
Unit offers amazing opportunities for 
simplified compact control panel and 
master station design. Roto-Push com- 
bines the pushbutton and selector 
switch into a single control unit that 
will perform all the control functions 
which normally require two or three 
separate units. The control circuit is 
selected by rotating the knurled guard 
ring to the proper position, and the 
operation is actuated by depressing the 
pushbutton. The Run-Safe-Jog Roto- 
Push unit illustrated is typical of 
many common functions that normally 
required two or three control units. 


With the guard ring in the ‘‘Run”’ posi- 


208 S. W. Stark St 

13 E. Franklin St 
1404 N. Main St 
1331 T St 

107 N. Franklin St 
1914 Washington Ave 
165 S. Ist, West 

2130 3rd St 

836 Jefferson Ave 
619 8th Ave., So 
1020 Creswell St 

108 N. Main St 

E. 1717 Thurston Ave 
109 S. Warren St 
P.O. Box 2714 
Trenton, N. J 39 Meadowbrook Ave 
Tulsa 19, Okla. 1632 S. Main St 
Washington, D. C. 8055 13th St., Silver Spring, Md 
York, Pa 12 E. King St 
Youngstown 3, Ohio 25 E. Boardman St 


Rockford, II! 
Sacramento 17, Calif 
Saginaw, Mich 

St. Louis 3, Mo 

Salt Lake City 1, Utah 
San Francisco 7, Calif 
Scranton 10, Pa 
Seattle 4, Wash 
Shreveport, La 
South Bend 1, Ind 
Spokane 34, Wash 
Syracuse 2, N. Y. 
Tampa, Fla 
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tion, circuit is set up that is maintained 
after the pushbutton actuates the oper- 
ation. With the guard ring in the “Jog”’ 
position, the operation is actuated only 
as long as the button is depressed. The 
“Safe’’ position prevents accidental 
starting of the machine. 


ae Unlimited 

h operators are available in 
sad: three position selector rings. 
Further there are six cam variations of 
the two position unit and two varia- 
tions of the three position element. The 
double pole contact blocks that are used 
with the Roto-Push operators are avail- 
able in any combination of normally 
open and normally closed contacts. 
Even the most involved circuits can be 
arranged with the Roto-Push control 
unit because of its wide choice of oper- 
ators, cams and contact blocks. Roto- 
Push control Units are oil-tight and 
suitable for either one-hole mounting 
mounting. For further infor- 
mation write on your company letter- 
head for Cutler-Hammer Master De- 
sign Pub. EL-17 


Roto-Pu 


two 


or base 


Of Btectrical Carmpenents 


me ae 


PANEL BUILDERS HANDBOOK SIMPLIFIES 
SELECTION OF ELECTRICAL COMPONENTS 


This handy 67 page reference guide is 
specifically edited to assist design engi- 
neers and control panel builders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information and a maintained 
price list. Address your request for a 
personal copy on your company letter- 
head. CUTLER-HAMMER, Inc., 1264 
St. Paul Ave., Milwaukee 1, Wisconsin. 
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MIGHTY MITE 


MOTOR PROTECTORS 


Regardless of the design of your 
motor stator, there is a Mighty 
Mite that will provide continuous 
and automatic protection against 
overload. 


In operation, the Mighty Mite 
automatically breaks the circuit 
whenever the motor exceeds a 
predetermined safe operating 
temperature. When temperature 
returns to normal, the Mighty 
Mite automatically reconnects 
the circuit. 


The Mighty Mite motor protector 
is accurately pre-calibrated to 
break the circuit at any required 
temperature up to 200 C. There 
is no further adjustment or han- 
dling necessary prior to actual 
installation in the stator. In addi- 
tion, Mighty Mite protectors are 
packaged, “ready-to-use” in pro- 
duction line assembly. 

Mighty Mite motor protectors are 
available as small as +4” long x 
‘18 wide for motors rated up to 
V3 h.p. 115/230 volts. Regard- 
less of stator design, you can 
protect your motor with a de- 
pendable, fully automatic Mighty 
Mite motor protector. 


WRITE TODAY FOR SAMPLES... 
ENGINEERING AID AVAILABLE 


GUTY Mm, 
e % 
a be 


aL Pa ee 
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linear analysis; impact-mormentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses are a signif 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol 
lowing prices per copy apply 

Quantity 
Title 5 25 
Casting Resins lio 158 


Human Engineering 2.25 2.00 


Servo Series igo 12 

Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y 


A short-cut to 
RESEARCH! 


e Hundreds of design and re 
search engineers have provided 
themselves with personal file copies 
of the 


ELECTRICAL 
MANUFACTURING 
5-YEAR ANNOTATED 
EDITORIAL INDEX 


The 60-page book lists by func 
tional subject classification—with 
succinct annotations—every fea 
ture article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period, 1951-1955. A 
companion booklet lists all 1956 
articles 


The cumulative annotations pro- 
vide valuable time-saving reference 
source, both to recent and earlier 
literature. The indexed articles deal 
authoritatively with all types of 
materials, components, systems and 
techniques which have special ap 
plication in the engineering design 
and development of electrically 
operated products 


The Index is printed on white 
coated paper and is wire-stitched 
to handy file size, 842” x 11” 


Per copy price is $2.00 on orders 
accompanied by remittance (add 3 
per cent sales tax for New York 
City delivery). Please make remit 
tance payable to The Gage Pub 
lishing Company, 1250 Sixth Ave 
nue, New York 20, N. Y 
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PREFERENTIAL ATTENTION 


ror your RUSH ORDERS 


in speed of Red Circle Service 

permits Acme-Newport customers 

to balance their inventories con- 
stantly without risking delays in obtain- 
ing additional tonnage. It was instituted 
to utilize the utmost coordination of 
modern facilities, good scheduling, per- 
sonal attention to quality and service, 
and the flexibility of operation inherent 
ina mill of this size. 

Every copy of your order is plainly 
marked with a red circle to speed 
processing and delivery. This service is 
our way of meeting present demands 

ale. dieu for spot requirements. Use Red Circle 
a Service to maintain your inventories of 


ACME. W RY ST 
ACME-NEWPORT STEEL flat rolled steel made to your exact 


HOT ROLLED STEEL IN COIL a. 
HOT ROLLED PICKLED STEEL IN COIL 

HOT ROLLED SHEETS 

HOT ROLLED PICKLED SHEETS 

COLD ROLLED STEEL IN COIL (Full Hard only) 

COLD ROLLED SHEETS 

ALLOY SHEETS AND PLATES 

PLATES (°i6” and lighter) - 


COMPANY 
ELECTRIC WELD LINE PIPE 
NEWPORT, KENTUCKY 


ac 
a-Sussioiary oF |ACME! company 


STEEL 
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GIBSON CONTACTS 
in new S&C “Loadbuster” 
help linemen open switches 
without “pulling arc’’ 


\ 
ee 


OQ 


ws i, 


ey J // 


Ms 


* S&C ELECTRIC COMPANY 
developed the “Loadbuster,” a 
unique new device enabling elec- 
trical linemen to open heavy 
power-line switches without “‘pull- 
ing an arc.” For this rugged-duty 
product, the electrical contacts 
must be high in non-sticking, arc- 
resisting properties, and long life. 


GIBSILOY W-15 


silver-tungsten contacts were 
chosen by S&C to do the job. 


* GIBSON CONTACTS 


can do the same for you. We offer 
a complete line of contact mate- 
rials, forms, and assemblies to 
meet requirements of your elec- 
trical product. Contact us to quote 
on your next job. Our engineers 
will help you in contact design. 


— $< 


J “See our catalog in Sweet's 
Product Design File 


or write for Gibson 


— Catalog c-520 


aan oe 
[5 bsiloy 
ELECTRICAL CONTACTS 


/ 


Gieson Efectric ComPANY 
BOX 590, DELMONT, PA. 
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Association Activities 


International Federation of Automatic 
Control Elects First Officers 
At a 


cently. 


three-day meeting in Paris re 


attended by representatives 
the International Fed 
Automatic Control became 


\ constitution 


of 19 countries. 
eration of 
functioning body. Was 


adopted and amended, an 
elected, and a city 
picked for the first congress. 
Harold Chestnut of General Electri: 
Co.. one of the three delegates 


became the federation’s first president 


executive 


council Was 


Was 


U. S. 


Other council members chosen for the 
A. M. Letov 
Academy of Science in 
Automatics & Teleme- 
first vice-president; V. 
of France, 


initial two-year term were: 
of the USSR’s 
the Institute for 
chanics, Broida 
second 
West secretary. 


and G. Lehmann, also of France. treas- 


vice-president: G. 
Ruppel of Germany, 
urer. 

The Federation defined “automati: 


ontrol” in “deemed 


its constitution as 
field of 
{ feedbac k) 


systems 


to cover the open and closed 
control of 
(including 
data 
part of 
theoretical 


loop physical 


servomechanisms. 


instrumentation. 


processing, and 


computers when control sys 


tems) in and applied as- 
pects.” To push this area of engineering 
on an international basis is the prime 
purpose of IFAC. which is pledged to: 
sponsor international 


congresses: 


pro- 


mote an interchange and circulation of 


information on control activities in co- 


and 
take any other steps considered neces- 


operation with other organizations: 


to the realization of its aim, such 
publishing. and distribut 
papers. 

Mos ow will be the site of the fede ra- 
which will be held 


1959 or 1960. 


sary 
as printing. 
ing relevant 


tion’s first congress. 
in June or July ot 
Society of Plastics Engineers Appoints 

Committee to Form a Plastics Institute 

The Plastics Engineers 
through its president, Mr. Peter W. 
Simmons. has Mr. 
Formo chairman of a special committer 
to develop plans for the formation of a 
Plastics Institute. This Institute would 
serve the plastics industry in much the 
as the 
steel and other 


society ot 


appointed Jerome 


same way 


textile, rubber, glass. 


basic product institutes 
serve their industries. 


The Plastics 


facilities for research. 


Institute will 
both 
education for 
branch of the 
and a library for 


provide 
fundamen- 
development, 
those in any industry 
reference and study. 
All segments of the plastics industry 

fabricators. material 


suppliers and 


will benefit 
will be invited to 
participate in its program and facilities 


builders 
the institute, 


equipment irom 


and 


to serve the industry. 
For further 
Jerome 


Mr. 
Plas 

2753 Fourth 

, 

, 


Minn 


information, contact 
chairman of the 
Institute Committee, 
Ave., South Minneapolis £ 


Formo, 
tics 


AIEE Names Fellows of Society 
The 
Engineers 
Fellow. 


preside nt 


Institute of 
raised to the 
George W. Baughman. vice 
Union Switch and 
Westinghouse Air 


Pa. 


tions to the design and application of 


American Electrical 


grade of 


Signal 
Brake 


contribu 


Division of 
Co.. Swissvale. “for his 


railway signaling control systems 


Also 
trical engineering division 
Tire & Rubber Company, Akron, Ohio 
“for his contributions to the technology 


John Grotzinger, manager, ele 


Coodve il 


ot power systems and powe! supplie- 


for a large industry.’ 


Officers Chosen by 
Illuminating Engineering Society 


Kirk M. Reid, 


engineer ot the General Electric Com 


senior illuminating 


pany’s lamp division, Cleveland, was 
Illuminating 
Engineering Society last month follow- 


named 


president of the 
ing his confirmation at the society's 


national technical conference in At 
lanta on September 9th. 

As pre sident-elect, Mr. Reid assisted 
Marshall 
Westinghouse 


conducting the 


the retiring president. 
N. Waterman, of the 
Lamp Division, in 


annual four-day conference 
attended by 


engineers, 


Sor ietv's 
which 900 
lighting 


lated 


was some 


designers and re 


protession ils 


New Office Location for Wescon, 
WCEMA and IRE Los Angeles Section 
On Dec ember first. the combined offic es 
of Wescon, the Los Angeles Section of 
IRE, and the West Coast 
Manufacturers Association 


Electronic 
moved to 
quarters at 1435 South 
Angeles. One 
second floor of this air con- 


new and larger 
La Cienega Blvd., in Los 
half of the 
ditioned building will become the home 
of the combined activities. 


National Electronics Conference 
Papers Available 


Proceedings of the 1956 National Elec- 


tronics Conference can now be _ ob- 


tained from the conference headquar- 
ters, 84 E. Randolph St., Chicago, at 
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Uniformity of Taylor Rolled Copper-Clad Laminates 
helps prevent shorts in printed electronic circuits 


Taylor Rolled Copper-Clad Laminates help prevent bott 


shorts and open circuits: shorts because the copper is free 
of lead inclusions; open circuits because the metal is free 
of pits and pinholes. They have such high uniformity that 
even lines only 0.002 in. wide. and spaced only 0.004 in 
apart, Can be produced These features also help prevent 
resistance buildup and other faults that cause failures in 
radios, television sets. and other electronic devices found 
in the home and industry 

Production control at Taylor Fibre Co. is responsible for 
this highly uniform printed circuit material. Taylor has 


a6 Actual size of printed circuit 
on Taylor Copper-Clad Lami- 
nate. The lines are only 0.002 
in. wide and 0.004 in. apart. 


TAYLOR 
FIBRE CO. 


r ed 
oO1ned 


devised a unique method of bonding high-purity 
copper to the base laminate—and keeping it securely bonded 


even under severe conditions of temperature, humidity and 
mechanical stresses. From this results the production 


of 
printed circuits of consistently high quality 


This is only one of the many Taylor Fibre Co. prod 
that are meeting industry s demands for improved material 
with superior performance characteristics. If your pr 
require laminated plastics—in basic form or 
parts—contact the Taylor sales office nearest 

time and money by dealing with the right source of 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


TAYLOR FIBRE CO. Plants rris a., and La Verne 


INTEGRATED MANUFACTURER AND FABRICATOR OF PHENOLIC, MELAMINE, SILICONE, 
EPOXY, COPPER-CLAD, AND COMBINATION LAMINATES + VULCANIZED FIBRE 


First and largest volume producer of rolled copper-clad laminates for printed circuits 
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Maintenance-Free 


FLEXIBLE 
COUPLINGS 










Standard Duty Types 
05 to 40 hp. at 1750 rpm 





Medium and Heavy Duty Types 
2.6 to 810 hp. at 100 rpm 


Radially 
Removal 


Types 
1.9 to 30 hp. of Fiange-Mounted 
100 rpm.—2 to Types 


40 hp. at 1800 rpm 11 to 740 hp. at 


900 rpm 


Put Trouble-Free Performance 
Into Your Equipment 


COMPARE THESE FEATURES: 


@ A type and size perfectly suited to 
your application. 


@ Year-after-year dependability, re- 
gardless of load or operating con- 
ditions. 


@ Completely machined for ease and 
speed of alignment. 


@ No lubrication required. 


@ Simple, rugged construction—few 
parts and no intricate mechanisms 


@ Cushioned power transmission- 
load is transmitted through 
cushioning materials—no wear on 
the metal jaws. 


@ Double-life cushions—one half tie 
cushions act as idlers, except on 
reversing loads—quick interchange 
provides a new set of cush‘ons. 

@ Cushions are engineered .o the load 


and service conditions. 


Ask Lovejoy to recom- 
mend the exact flexible 
coupling for your ap- 
plication. No obliga- 

tion. Request catalog. * 


LOVEJOY FLEXIBLE COUPLING CO. 


4802 WEST LAKE STREET » CHICAGO 44, ILLINOIS 
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Calendar of Meetings | 


Jan. 6-8 -Fourth National Sympo 
sium on Reliability and Quality Con 
trol, Statler Hotel, Washington, D ¢ 


Jan. 27-28 The Sixth Scintillation 


Industrial Forum, In Internationa 


Amphitheatre, Chicago, II] 


Mar. 24-27-1958 IRE Nationa 
Waldorf-Astoria Hote 


Convention, 








Counter Symposium, sponsored by ind New York Coliseum 
the IRE, AIEE, Atomic Energy Com 
ss10 ind Nationa Bureau of Apr. 8-10 Symposium on Elec 
Standards, Hote Shoreham. Wash tron W aveguides, sponsored — by 
ston, D. ¢ the Microwave Research Institute 
of the Polytechnic Institute of 
Jan. 27-29—6ith Annual Meeting Brookly1 in cooperation with the 
ol the \merican So He iting IRI Professional Gre ul on Elec 
ind Air-Conditioning Engineers, tron Devices and the Professional 
Penn-Sheraton Hotel, Pittsburgh, Pa Grouy Microwave Theory and 
lechniques, co-sponsored by — the 
Jan. 28-31 ith Annual Technical Dept. of Defense Research Agen 
Conference of the Society Plastics ies; Auditorium of the Engineering 
Engineers, S ( Hotel] Societies Bldg.. 33 W. 39th St.. New 
DD it. M York, N. Y 
Feb. 4-6 | I R torced Apr. 22-24 Electroni Con po 
Plastics Division ( nee, spo nents Conference, sponsored by the 
sored by The S of the Plastics ALE] IRE, ELA, ar WCEMA, 
Industry, In Edg Beach Ambassador Hotel, Los Angeles 
Hotel, Chica | Cali 
Feb. 20-21-—-Conference on Tran May 1-8—ASTE 26th Annual 
sistor and Solid State Circuits, Phi Meeting and Tool Show, Philadel 
idelphia, Pa phia Convention Center, Philadel 
phia, Pa 
Mar. 17-21—Atomi Industrial 
Forum Atomfair, in conjunction with May 5-7—1958 National Sympo 
the 1958 Nuc lear Congress, spon sium of the Profess nal Croup on 
sored by the American Institute of Microwave Theory and Techniques, 
Chemical Engineers and the Atomic Stanford Univ... Stanford, Calif 
$5 per copy The 1095-page, cloth ics Division, National Bureau of Stan 


bound book contains the 105 technical 
papers and three luncheon addresses 
presented at the 12th annual meeting 
in Chicago last October. Back issues 
of the NEC Proceedings for the years 
1949 to 1955. inclusive. also are avail- 


able. 


Acoustical Society of America 

Publication Expands Coverage 

“NOISE Control” magazine. a publi 
Acoustical 
(\merica, has expanded its field of 
coverage of screntifie 
clude shock and control 
Lewis S. Goodfriend. editor of “NOISE 
Control.” said that the 


cation of the Society ot 


subjects to in 


vibration 


addition of 


vibration control 


information in the 
publication will provide more data on 


the elimination of noise at the source 


Phe new material ippeared be- 
ginning with the Septe mber issue, 
which featured articles on vibration 


and shock including a paper by Dr. 
Walter Ramberg. Chief of the Mechan 


dards. In subsequent issues there will 
be discussions of devices and materials 
used to isolate vibration and current 
problems in industrial and military 
installations. The magazine is now it 


its third vear 


Closer Cooperation Between 
ASME and the American Rocket Society 


Closer cooperation between two of the 
nation’s leading technical societies was 
evidenced recently when The Americar 
Society of Mechanical Engineers and 
the American Rocket jointly 


announced that in the future each will 


Society 


other's 
ippropriate governing board. The ste} 


have representation on the 


was designed to further improve work 
ing relationships between the — twe 
which have been affiliated for 
some years. Both have headquarters 
in New York. 

Eugene W Jacobson will represent 
ASME on the ARS board of directors 
while Robertson Youngquist will fil 


groups. 
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If you’re miniaturizing ... you'll save space, time and 
money with Allen Minicaps and Minisets (#0 thru #3 dia.) 


These miniature Allen Hex Socket Cap 
and Set Screws will let you scale down 
your product sizes even farther. 
They're made from Allenoy special 
alloy steel—so strong that you can 
safely specify fewer screws or smaller 
sizes. 


Allen Minicaps and Minisets are tiny, 
but very tough! —true Allens, with 
deep, clean, strong sockets and uni- 
form Class 3A threads. Minicaps have 
the Allen knurled “Grip-Head” and 
are trimmed both on top and under 
the head, for tighter fit and better ap- 
pearance. Minisets have the improved 


small-cup Allenpoint that drives 
deeper and holds tighter. 

Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight — makes starting much easier, 
saves a lot of time in assembly. 
Diameters of these miniatures run 
from #0 through #3. Minicap lengths 
run from 4s” through 42”, and Miniset 
lengths from '6” through %4”, Also 
standard in stainless steel. Your In- 
dustrial Distributor has them now. 
He'll show you why these Allens — 
like all Allens — hold tighter and last 
longer. Or write for information and 
samples. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 


Minicaps and Minisets 
erever you need depend- 
able fastening in very small 


. t lie 
semopires: 


TV, radio and telephone equip- 
ment @ Guided missiles, rockets 
e Panel meters e Electro-me- 
chanical devices and servo-sys- 
tems ¢ Computers ¢ Control] and 
operating mechanisms for relays 
® Cameras e Instruments 





MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. ALLEN 


HEX-SOCKET SCREWS 
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Never underestimate the molding possibilities of TEFLON*, in the hands of 
United States Gasket. 


True, it is probably the most difficult of all plastics to mold. But U.S.G. 
specializes in difficult moldings, involving precision tolerances, intricate 
shapes, inserts, molding around metallic structures, etc. 

They are equipped with unusual “know-how” gained as pioneers and leaders 
in fluorocarbon plastics fabrication, and the most modern specialized facili- 
ties and techniques for cold molding and sintering of TEFLON T.F.E., as 
well as the injection molding of KEL-Fft and the new thermoplastic 
TEFLON F.E.P. 


Send us your difficult fluorocarbon molding problems for quotations. And 
call upon us, too, for your requirements of fluorocarbon and nylon sheets, 
dises, tape, rods, tubing, bars, cylinders, ete., from the world’s largest and 


most complete stocks. 


For prompt service, contact one of The Garlock Packing 

Company’s 30 sales offices and warehouses throughout 
7M.M.&M. Trademark 
*du Pont Trademark 


nited 
tates 
asket Piast: Duition of 

GA RLO CK, 


the U.S. and Canada, or write 


United States Gasket Company 
Camden 1, New Jersey 
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the corresponding role on ASME’s 
Board on Technology. Each will take 
part in deliberations, but will not vote. 

Mr. Youngquist is director of the 
Component Development Div. of Re- 
action Motors. Inc... of New Jersey. He 
is a member of ASME as well as ARS 
and is former editor of the Journal 
of the American Rocket Society. 

Mr. Jacobson is chief design eng- 
neer in charge of the design section, 
executive branch, of the Gulf Research 
and Development Company. He is 
holder of three certificates of award 
for his work in the ASME. 


Institute of Environmental Engineers 
Names Chairman of 1958 Meeting 


Roger J. Amorosi, president of Param- 
eters, Inc.. New Hyde Park, N. Y.. 
has been named chairman of the Second 
Annual Technical Meeting of the In- 
stitute of Environmental Engineers to 
be held in New York City next April 
17th and 18th at the New Yorker 
Hotel. Mr. Amorosi is executive vice- 
president of the IEE. 

Assisting Mr. Amorvosi are: Arthur 
Billet. Vickers Inc.: John Cammarata. 
Arma Div... American Bosch Arma 
Corp.: and Norman Meyers, Stratos 
Div.. Fairchild Engine and Airplane 
Corp. 


Society of Plastics Engineers Appoints 
Thomas A. Bissell Executive Secretary 


Thomas A. Bissell has been appointed 
executive secretary of the Society of 
Plastics Engineers. Ine. 

Mr. Bissell brings to his new assign- 
ment 21 years experience as a key staff 
member of a sister engineering society 

the Society of Automotive Engineers 
From 1943 until 1957 he was manager 
of SAE’s meetings division with. staff 
responsibility for the development and 
operation of SAE’s eleven national 
meetings and three displays. From 
1936 until 1942 he was Technical 
Editor of the SAE Journal. 


National Screw Machine Products 
Association Publishes 25th 
Anniversary Issue 

The 25th 


Buving Directory. covering the location 


Anniversary issue of its 


and facilities of its member companies, 
has been published by the National 
Screw Machine Products Association, 
Cleveland. The 1957-58 edition contains 
80 pages and is designed to assist 
buyers in quickly locating sources of 
supply for their screw machine prod- 
ucts requirements. More than 275 
companies are listed both alphabeti 
cally and geographically for maximum 


ease of reference. 
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/ / 


/ / / 
vo “We'll start by specifying FasCa 


/ 
‘tor this motor application.” 
/ 


Yes, smart design engineers agree: whatever the 
exact rating and size of the fractional H.P. motor 
they specify, it must be a Fasco Motor. Chances are 
Fasco already has exactly the right motor for the 
application in production; if not, we will “tailor” a 
motor to meet specific requirements. Remember... 
Fasco Motors mean dependability and long life 
which are strong selling points for your product. So 
when it’s a question of fractional H.P. motors... 


consult FASCO FIRST! 


How about letting us send 
you a copy of our new cata- 
log? It is yours for the asking. 





FASCO 


FRACTIONAL H.-P. [_—— FASCO INDUSTRIES, INC. 
MOTORS a ROCHESTER 2, NEW YORK 


- a 2 ——__ 
—<s . Sa ie 
& 


Composite view of the three Fasco 
Plants located in Rochester, N. Y. 
and Fayetteville, N. C. 
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THE RIGHT CONTROL 


There is a right 
Furnas Electric con- 
trol for every job. 
Cost and space ad- 
vantage can be 
yours by choosing 
the conttol design- 
ed for the motor. 


Furnas Magnetic Starters are available 
through Size 4 in 10, instead of the usual 5, 
different sizes from 1 to 100 hp. This pro- 
vides “‘In-Between”’ sizes, not otherwise avail- 
able, at corresponding price and space ad- 
vantages. 


Drum Controllers—over 1000 models 
available from 1 to 10 hp. for whatever 
application you require. 


Oil Tight Push Buttons for every need. 
Standardization and _ interchangeability 
mean more combinations with fewer parts. 
Complete accessory line. 


Pressure Switches Limit Switches Foot Switches 


— 


FURNAS ELECTRIC COMPANY. 
BATAVIA, ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL cITHE 
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Men in Industry 


Mark W. Cresap, Jr., who in 1955 
became executive vice-president and 
a director of Westinghouse Electri: 
Corp.. has been appointed president 
and chief administrative officer of the 
company. At forty-seven, Mr. Cresap 
becomes the youngest president in 
Westinghouse history. 

Gwilym A. Price, who relinquished 
the reins to Mr. Cresap, will continue 
as chairman of the board and_ will 
take on new duties as chairman of a 
new policy and finance committee 

John K. Hodnette succeeds Mr. Cre 
sap in the post of executive vice 
president Mr Hodnette has been a 
vice-president and general manager 
and a director of the company since 
1955. 

Mr. Cresap and Mr. Hodnette took 
an active part in setting companys 
policy during a 156-day strike that hit 
Westinghouse in late 1955 and early 
1956. Under the leadership of Mr 
Price. the company has more than 
doubled its manufacturing capacity 
and nearly tripled its sales 


Donald L. McFarland has been ap 
pointed manager of industrial design 
for the housewares and radio receiver 
division of the General Electric C« 
Bridgeport, Conn 

\ graduate of Rensselaer Polytec} 
nic Institute. Mr. MeFarland joined 
General Electric as an industrial de 
signer in 1948. after six vears in design 
work with Chance Vought Aircraft 


Clyde R. Wilson has joined ¢ P 
Clare & Co., Chicago manufacturer of 
relavs and switches, as manufacturing 
engineer in charge of coordination and 
production of wired assemblies. He 
brings to Clare wide experience in the 


fabrication of intricate wired assem- 


blies 


The J M Nev Co. of Hartford. 
Conn., manufacturer of precious metal 
components and alloys for the electrical 
and electronic industries, has ap 
pointed Fred Dole as special con 
sultant on design and engineering 
problems for Ney customers. Kenneth 
Pitney, a member of the Industrial Di- 
vision for seven vears. becomes man 


ager of industrial sales and engineering 


Edward Foodim has been appointed 
assistant to the president, and tra L. 
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announcing a new Hughes series — 
high efficiency, medium power 
silicon rectifiers 


For the first time, you can obtain high forward conduct- 


ance and a high breakdown voltage, together in one recti- 
fier. High forward conductance increases the efficiency of 


Min. Breakdown Vo 
the rectifier, thereby providing more power to the load at 
. Max. Average Rectifies 
lower junction temperatures. And low junction tempera- Current @ 25°C 
Average Reverse Leakage 
tures ensure long lite plus reliable rectifier operation 2A and 420V 5°C 
The unique combination of high forward conductance Typical Full Load Average 
Forward Voltage Drop 
ypical Dynamic F 
Resistance 
never before achieved in the standard EIA Group 20 » 
*Higher currents obtair 


and high breakdown voltage permits rectifier performance T 


5 


(7/16” hex.) stud mounted package. This package is welded 


and hermetically sealed with a glass-to-metal seal to pro- 


»] 70 ? 4 } , th 
vide complete protection from contamination and mois- Our sales engineers welcome the opportunity 


to discuss application of these new units to 
ture penetration. Inside, where it counts, protection like ne 


your circuitry. For address of sales office near- 
this is essential 


est you, or jor complete information, write: 


SEMICONDUCTOR DIVISION » HUGHES AIRCRAFT CO. 
International Airport Station, Los Angeles 45, California 


Creating a new world with ELECTRONICS 


HUGHES HUGHES PRODUCTS 


Lo ee 
Fie). 


SEMICONDUCTORS Q1 IRCRAFT COR 


SRAFT COMPANY 
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IS YOUR 
BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost 


® Precision tooling, rigid quality 

j 
control assure tolerances to critical 
specifications. 


wo Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@® Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and avt=- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 
Request handy ref- 

erence catalog con- 

taining specification 
on standard and cus- 

tom-made lugs, termi- 
nals, coronarings, 
pins, contacts and 
similar stampings 


TOOL and MANUFACTURING CO. 
4021 W. Lake St., Chicago 24, Ill. 
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Kasindorf has succeeded Mr. Foodim as 
chief engineer of Consolidated Avionics 
Corp., Westbury, N. Y. Mr. Foodim is 
a specialist in design and production of 
large scale data reduction instrumenta- 
tion systems. Mr. Kasindorf had been 
chief engineer of the Components Divi- 
sion of Servomechanisms, Inc.. West- 
bury, N. Y. 


Zeke R. Smith was elected vice-presi- 
dent of Potter & Brumfield. Inc.. Prince- 
ton. Ind. Mr. Smith. chief 
engineer, has been assigned the duties 
and title of director of engineering. He 
will be in charge of all product and 


formerly 


ZEKE R. SMITH 
P&b's 


three plants located in Princeton 
Franklin. Ky.. and Laconia. \. H. 


Prior to joining P&B. he was asso 


applications engineering — tor 


ciated with Bendix Aviation 
Vendo. Inc.. and the Airborne Instru 
Mineola. N.Y 


Corp 
ment Laboratory. 


Alexander Finlay has been appointed 
chief of the Electrical Engineering Divi 
sion at Battelle Memorial 


Columbus. Ohio 


Institute 
omed 


ALEXANDER FINLAY 


much of the 
work oF 
electrical controls and instrumentation. 


He has 


studies ot 


closely associated with 


research center's automatk 


participated extensively in 
instrumentation for high- 


precision mechanical gaging and to 


transistor and magnetic amplifier cir- 
cuitry for special control applications. 
\ graduate of the 


Michigan, Mr 


Lniversity of 


Finlay was formerly 


Flexibility 
for 
Designers 


SE MEO OE 


SOOBU 


VARIABLE AUTO-TRANSFORMER 


2-GANG 500BU 


{Also available in 3-gang) 


Designed for back-of-panel mounting, 
the versatile SOOBU Adjust-A-Volt 
variable auto-transformer offers the 
dependability and flexibility you have 
been looking for 

Shaft can be adjusted without dis- 
turbing rotor and commutator align- 
ment. Terminal board connections 
allow for either clockwise or counter- 
clockwise rotation, as well as over- 
voltage or line-voltage operation 

Ganged units are available to pro- 
vide increased current output, increased 
voltages, or for polyphase operation 

Specifications of the SOOBU type 
input voltage, 115 V; load rating, 1.0 
KVA; output—0 to 135 V; output amps 
max. 7.5 A; driving torque in 0z., 20- 
40. For more data, send for the catalog 
on the complete Adjust-A-Volt line. 


SPD yV0 


ELECTRICAL PRODUCTS CO. 
PPC ee 
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R-B-M Type “S’” Air Conditioning Contactor 


= 


NEW!! From Every Angle... 
With Cost Reducing Design Features 


APPLICATION The new Tyy O Ampere Air Conditioning 


Contactor has been designed specifically for air conditioning control circuit appli- 


cations (300 volts maximum) where lower cost, small overall size, long life, and 


is Under- 


tr t 


trouble-free service are of prime importance 


writers’ Approved—Refer to File No. E 1213° 


CONSTRUCTION f itior it vall siz nd low cost, the 
Type “S’’ Contactor has large double break silver alloy a rugged cast 
aluminum base and a molded magnet coil designed to withstand adverse temperature 


and humidity environments. Other features include: stationary and movable contact 


blocks of highly arc resistant melamine and a magnet design insuring positive con- 


tact action even under unusual voltage conditions. The versatility of the Type “S” 
Contactor is demonstrated by the availability of screw, quick connect or lead wire 


coil terminations and by its ability to operate in any position. 


TYPICAL SPECIFICATIONS 


Large Double Silver Alloy Contacts 


Contact Ratings PRR EE 
Contact Terminals Screw Type 
Coil Terminals Double Quick Connect, Screw Type or Lead Wires. 
Coil Rating 6 to 230 Volts A.C. 


Pole Arrangement 2 or 3 Poles (2 Dummy Wiring Terminals Available on 2 pole Device Only). 


Request Bulletin C-7 


RBM DIVISION 


Manufacturers of Magnetic 


ANA 
Controls and Devices ic PER Ts SNe 
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“EE 


other outstanding 


*ESSEX ENGINEERED 


° ! 
production proven products 


Sta. 
WIRE AND CABL 


Wire and Cable Division 
Fort Wayne, Indiana 


Oe 


cre molded terminal 
cover; "Hammer-blow 
de-ener- 


terminals 


ety of mounting 
R-B-M “Control” Division 
Logansport, Indiana 


COILED CORDS 


The “spring” in Coiled Cords automoanically 
synchronizes with moving components that 
are electrically powered. There are no 
boping, tangling cords in the way. 
because Coiled Cords extend and retract 
as needed. Write for new literature 


Cords Limited Division 
DeKalb, Illinois 


SS 


WIRE CORPORATION 





4 Improvements in NICKEL-CHROME 
ALLOYS Now Obtainable from 


river-Harris Vacuum Melting Service 


After many years of experience with vacuum 
melting programs, Driver-Harris now offers a 
complete vacuum melting service for almost all 
of the 132 special purpose alloys made by this 
company. 


[he specific benefits gained by vacuum melt- 
ing in the production of nickel-chrome alloys 


are today clearly established. They are: 


¥.~ Muchcloser control of analysis—particularly 
in alloying with the highly reactive elements, 
Titanium, Aluminum, Columbium, Calcium, 
and Zirconium. The normally high affinity for 
nitrogen and oxygen these elements have is com- 
pletely eliminated in vacuum melting, thereby 
opening new avenues in alloy production. 


z@. Great reduction in inclusions, especially 
oxides and nitrides, results in higher ductility 
and tensile properties. In fine wires, the im- 
provement in properties is frequently so great 
that wire sizes may be reduced without sacrifice 
of strength. An example of the greatly im- 


river-Harr 


18 Company 


HARRISON, NEW 


VN 
1 //% 


4 


Lh. 


‘ 


deh Se 


7, -\ j 
ci ~ \ og: 
Le = LA 


proved microstructure is illustrated in the 
metallographs shown. 


=, Complete elimination of gas, not from the 
surface only but from the entire mass. Alloys so 
produced are therefore more desirable in the 
manufacture of electron tubes. 


4. General improvement in electronic, elec- 
trical, and mechanical properties to meet speci- 
fications. Because closer control of analysis is a 
primary advantage of vacuum melting, we can 
now achieve these specific improvements with 
remarkable certainty. 


Almost all of the Driver-Harris Alloys now 
vacuum melted and processed under close physi- 
cal and analytical control show improvement in 
one or more of the above ways. If you are seek- 
ing further improvements in the D-H Alloys 
you use, inquire now for information on how 
Driver-Harris Vacuum Melting Service can 
help you. Address your inquiry to Dept. VMS. 


*T.M. Reg. U.S. Pat. Off 


REENING WIF MP 


ta* 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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Switch ind 
Westinghouse 
Brake ¢ 


Edward P. Grass 
engineer. has beer imed general man 
of the Electric Division of McGill 
ng ¢ if Valparaisé 


fac 


Walter Raymond Clinton 


searcl 
Gatos brand 
ind Kaufn 
(,laes Corp 
Laboratories i 


ponsibilities 


| 
v-wave-tubDe 


ined the G.I 
is a design engineer 


ipe deve lopn ent 


James Robert Freeman 


ppointed to the 


( 

Freeman will 
sultant to custon 
Mr. Freemar 

ber of M.I.1 


sion Corp., Flushing 
nted Rudolph Bachman 
DD 


Simpson Electric mpany 
vwointed Frank Hadrick to its « 
ing staff as chief field I I I 
equipment Mr. Hadrick. formerly 
chief television field engineer for Ad 
miral Corp. was instrumental in de 
veloping their color IV traini 


program 


Dr. Russell R. Law, formerly director 
of research and development of CBs- 
Hytron division of Columbia Broadcast 
ing system, In has joined Hughes 
Aircraft Co. as director of new product 
development for Hughes Products 


Group, the companys commercial 
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SPECIAL SWITCHES 
Te Ay 4 rT) 
ESCO. 


of. Weymouth 


i 


Gear-operated 


TYPE JR TYPE JR 


T = 


TYPE JD-JS TYPE 


When you need a SPECIAL switch. . . 


ESCO standard 


m 


component Cc be assemobdiec t meet your 
one ol! e€ you a 


tch at a standard switch cost. Over 90% of our production is SPECIAL 


j 


These standard switches can be modified to fit your application: 
@ TYPE A p to 8 positions, 7 sect 


ec ng 5S ampere 125 
@ TYPE AF p to 8 positions, 6 sect 
rating with resistive load 5 ampe 
400 cps, per MIL-S-6807 
TYPE ? Multi-section, up t 


ipere -) VO c, 


200 amperes at 500 volts a- 


to meet Specification MIL-S-152 
TYPE JR — up to 8 positions 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c 


TYPE JD-J up to 8 positions, 5 sections maximum, detent- 


action or snap-action, rating 3 mperes at 230 volts a-c 
TYPE HT up to 16 positions, 6 sections maximum, detent- 
rating $ amner t 175 volt 


£ nperes al ic VOLS 


Bure of Ships No. 9000-S6202-74085 1 
volts a-c BuShips 9000-S6202-74090 9000-S6202-74096. 
793499 


9000-S6202-74224,. ratings 30. 60. and 200 amperes. 500 volts a- 


£ ipere 


10 amperes at 


— 250 volts d-c 


Write for data sheets or catalog on ESCO rotary multipole switches — 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


(ANETTA ao ha 


CoO ELECTRO SWITCH CORPORATION 


Weymouth 88, Massachusetts 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering hos been coordinated 
with electric motor design to 
provide o versotile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variction to sup- 
ply motor armature power 
Patented feedback, or “Servo” 
Circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and co minimum of 20 
to 1 in others 


ewwospecd Ae stsa toe) a 74s ee 
4 Godwin Ave. 


Paterson. N. J. 





aed AN De tt 


PARAMOUNT Spiral Wound PAPER TUBES 


SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for 
millions of coil forms and other applications. 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, 
Red Rope, Acetate, or any combination spiral 
wound on automatic machines. Any size from 
14.” to 30” long, from .450” to 25” I.P. Produced 
from wide range of stock arbors or specially 
engineered for you. 


PARAFORMED— SQUARE OR RECTANGULAR 


Exclusive Paraforming method of tube making 
without artificial heat or pressure. Makes per- 
fectly flat side walls, square inside corners, and 
very small radius on the four outside corners— 
and does it all at the time of actual spiral winding. 
No sharp outside edges to cut wire. No need for 
wedges to tighten wire. Full rigidity and physical 
strength. Permits winding coils to closer toler- 
ances. Allows faster automatic stacking of coils. 
Approved and used by leading manufacturers. 
No extra cost! 


PARAMOUNT Mera 


SET Ta yel- Meola 
612 cecnuien geeuke Sele 2, IND Sigpuotiggmalpendl 
ree ae $e OF OVER 2000 SIZES 
Standard of the Coil Winding Industry for Over 20 Years 
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activity. His responsibility in the 
newly created position will be to 
co-ordinate and expedite the expansion 
and commercial application of technical 
developments and_ other electronic 
equipment from the Hughes Research 
Laboratories at Culver City. 


Hugh Lowry has been appointed man- 
ager of application engineering for the 
Semiconductor Products Department of 
the General Electric Co., Syracuse. 
N. Y. Mr. Lowry joined General Electric 
in 1949 on the company’s engineering 
test program. In 1951, he joined the 
company’s General Engineering Labora- 
tory in Schenectady and in 1955 trans- 
ferred to the Semiconductor Products 
Department in Syracuse to organize the 
department's application engineering 
group. 


Wilfred E. Walton has been appointed 
director of engineering at American 
Machine & Foundry Co.'s Rochester 
Division. This division is working on a 
major guided missile program contract 
Mr. Walton was previously associated 
with General Electric Co. in managerial 
positions at plants at Hendersonville 
N. C.; Lynn and Pittsfield, Mass., and 
Schenectady, N. Y. 


BJ Electronics, Borg-Warner Corp 
Santa Ana, Calif., has named Raymond 
Davis assistant chief engineer for sys 
tems. 

Mr. Davis joins the Borg-Warner 
electronic center following two years 
with Ramo-Wooldridge Corp., as a 
member of the technical staff, computer 
systems division. He is a senior member 


of the IRE. 


Eimer R. Queer, director and pro 
fessor of engineering research, Penn 
sylvania State University, has been 
nominated for the presidency of the 
American Society of Heating and Air 
Conditioning Engineers. 


Albert Dickson, chief engineer of the 
Electrical Division of Emerson Electric 
Manufacturing Co. of St. Louis, has 
been promoted to assistant to the vice 
president, engineering and_ research 
Mr. Dickson will be executive assistant 
to William L. Davis, Jr., and will be in 
charge of electrical engineering. Special 
duties will include integration of re- 
search and engineering and long-range 
planning. Dickson has been with Emer- 
son Electric since 1919. He has served 
as the division’s chief engineer since 


July 1941. 


James Robinson has joined the Wal- 
kirt Co., Inglewood, Calif., as chief 
engineer. He joins the company direct 
from a four-year association with Gen- 
eral Communication Co., Boston, elec- 
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What 
shape 


isa 
quality 
fastener? 


Here is a handful of ELASTIC STOP® nuts. Each has ESNA’s 
familiar red locking collar . . . is self-locking and vibration-proof. 
Each is a readily assembled, one-piece unit. Each provides positive 
protection against thread corrosion . . . prevents liquid seepage 
along bolts. Each is made from the finest of raw materials. Each 
is exactly controlled as to finished dimensions, class of thread fit 
and finish. Each is now in use on critical applications, with a record 
for uniform high quality that is unmatched. 


Most of them are standard parts. Some originated as the result of 
a specific request for ESNA’s help with an important fastening 
problem. 


Isn’t it logical to call on us with your next fastening problem? 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elastic Stop Nut Corporation of America 
Dept. N62-122, 2330 Vauxhail Road, Union, New Jersey 


- ~ 


(0 ELASTIC STOP nut bulletin (C0 Here is a drawing of our produet. 
What self-locking fastener would 
you suggest? 


Nome Sl a a eee 


Firm___ 


Street 


City ee 
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For Small Spaces, tronics manutacturer, where he was 
High Temperatéres 


part of the engineering department - 


design-development teat 


Promotions at The ste li uy \ rnist ( 
Sewickley, Pa., include Wiliam T. Mc- 
Clelland as vice president—sales a 
gineering, and Charles G. Frost 
president-—manufacturi Mi 


land has been with Sterli 


, for Il vears during wl 
GAMEWELL been engaged in s 


RVG SERIES 


Ninksture PRECISION PR. Perino 
POTENTIOMETERS ee 


Cumberland 


Mir. Perino 


neral 


provil 


Phillips 
RVG-17XS Division 


These Gamewell pots e”, %” and 1% provide superior char Elgin National Watch Co 
acteristics in miniature size ideal for high temperatures and other 
environmental extremes. All have anodized alumin: odies, stainless pointed Donald A. Sutherland 
steel shafts, excellent linearity and meet MIL E-5 A specs as they 
apply. RVG-17XS has a specialized arrangement which produces sine 
cosine functions with unique precision and smoothness | division 

For dependable performance under rugged environmental conditions 
and severe space restrictions, specify one of these RVG Precision Po 
tentiometers. Many special features and modifications are also available in 
to meet your specific need. Write or call for details ; 

Elgin’s Advance 


THE GAMEWELL COMPANY, NEWTON UPPER FALLS 64, MASS. \l ; 
icrophone re 


PRECISION ov ; 
BAM WELI* POTENTIOMETERS Phillip Juaire 
SPECIAL! Send for New cotalog enginee! a 


with data on complete line 
pred wt 


manage 
for 


fy operations 
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Division 


= 
im a Port Huret 

series of engine ! ex Its ip] 

hy UT SHELL ; men Francis J. Oberhausen, for: 

ngineer of the Acme Wire ¢ 
— q . is now administrative assistant to F. H. 

Sub - miniature clutches, a Wetzel, chief engineer of the divis 

. Robert A. Barker and N. B. Silden 


have been named sectior 


brakes and 


* ‘ re of specialized researc] é 
clutch-brake units i es Glues econ, ae La, ie 


a ne project engineer, ill il Port H ITO! \t 
e Light weight; .8 oz. to 14 oz ; the Hazelton plant. Leo O. Ravina ha- 
Low inertia | 


i A camel ret ltil, ea tecaid. 
@ High torque value 2 oz. in. See , ae 
Zero back lash 


to 56 o7. in Ivan R. Saddler has been appointed 


Zero end play manager, Materials and Modules Plar 
ning, RCA Components Division. Radi 
Corporation of America He will 


Exceeded MIL-E-5272-A headquartered at Camden, N. J 


® Quick responce 


No slip rings 


Write for free catalog... The annual Doehler Award. highest 


With data on 120 configuration selection. honor of the die casting industry, has 
been presented to James N. Smith of the 
Aluminum Company of America. Mr 


: Smith's counsel, guidance and leade1 

N t ship as chairman of the Engineering 
4 Box ae ae iF Committee and Engineering Member 
FLORISSANT, VO) 02) of the Committee on Standards of the 


American Die Casting Institute were 


largely responsible for the activity 
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When temperatures go up 


...and stay up 
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\ 


—_ 


HMS/CIR MI 

















At maintained high temperatures, Kulgrid 28, Sylvania’s nickel-clad 
copper wire, offers the temperature stability of nickel with lower 
resistivity. Yet Kulgrid 28 is less expensive than pure nickel from a 


performance standpoint. 


Use Kulgrid 23 nickel-clad copper wire for maximum 


conauctivity and reliability at high temperatures 


®The str—ENGTH, heat and corrosion re- 
sistance of nickel and the high conduc- 
tivity of copper . . . in a combination 
that beats both at elevated temperatures 
... that’s Sylvania’s Kulgrid 28 nickel- 
clad copper conductor. 

In diameters from .300” down to .0035” 
Kulgrid 28 wire has the corrosion pro- 


tection and strength of a thick wall of 


nickel that only cladding can provide. 
Nickel content is approximately 28 °%. 


¥ SYLVANIA 


LIGHTING + RADIO + TELEVISION 


METAL 


STAMPINGS 


Made of Grade A electronic nickel with 
a melting point of 2651°F and high- 


purity copper, with a melting point of 


1980°F, Kulgrid 28 offers you a new 
standard of performance for equipment 
that must withstand sustained high 
temperatures. 


Wherever economy, performance, and 
high temperature are design problems, 
check the unique qualities of Kulgrid 28, 
Sylvania’s nickel-clad wire. 


Complete data on 
EFulgrida 28S in this 
technical bulletin 


Write for your free 
copy of “*Kulgrid 
28, Nickel-Clad 
Copper Wire” 
today. 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


* ELECTRONICS + METALS & CHEMICALS 


MOLDED 
PLASTIC 
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ELECTRONIC 
COMPONENTS 


4-way 
service 
from 
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which resulted in the (“E” Series) 
Engineering Standards and the com- 
plete ADCI program of “Product 
Standards for Die Castings.” 


you ll have > * _ | George V. Mueller 


pointed to the motor design and de- 


5 au velopment staff of Robbins & Myers, 
SPACE to P eer | Inc.. Springfield, Ohio. 


Mr. Mueller will serve as develop 


; i tt com F ment engineer on a computer program 
on your panel ©& | 


has been ap- 


for motor design and will specialize in 
oscillography, electrical transients, and 
electrical machinery. 


Marvin Kullback has joined CGS 
. . Lal tories in Stamford, Conn., as 

. when you mount the newly designed Hevi-Duty eee ee ee ee oe 

: q project manager in the engineering 

department, where he is responsible 

panel space range up to 20 percent over units of for a new receiver project. He was 

: 3 5 ; } formerly project engineer with the De- 

equivalent rating. Better yet, you’ll have extra inrush partment of Defense in Washinaten. 
capacity (up to 150% more) due to Hevi-Duty’s D. C. 


interleaved windings and other new improved pro- 


Type SZO Control Circuit Transformer. Savings in 


The Jefferson Electric Company ot 
portions of design. New Type SZO transformers Bellwood, Ill., has named Joseph W 


sf elas Steiner to the position of director of 
range from .050 to 5 KVA. ‘ Pp ) cto 


engineering. 


Write for Bulletin 300 for further details Dr. John D. Kleis has been appointed 


vice president and director of research 


- of Fansteel Metallurgical Corp. 
} il A D U TY E bs E c LJ as ! bs 3 ° sii sidan altel Dr. Kleis joined Fansteel in 1936 as 
HEAT TREATING FURNACES HEMISBUTY ELECTRIC EXCLUSIVELY a 


research physicist, specializing in 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS electrical contact materials and semi 
MILWAUKEE 1, WISCONSIN i conductors. 
Circle 280 on page 17 
— eee Linwood A. Walters has been ap 
pointed to the newly-created post of 
| eRe] re Na rs} rei re) 4 Cs ta n da rd : manager of research and development 


of National Vulcanized Fibre Co. He 


is a member of the American Chemical 
Society and the Society of Plastics 
Engineers. 


TE 4 | | \" A i eae " 7 LS , Dr. Dimitri Kececioglu has been ap 


pointed assistant to the director of me- 
chanical engineering of Allis-Chalmers 


yyy e1i> equipment for Industries Group. Dr. Kececioglu joined 


Allis-Chalmers in 1952 as a research 


4 ona 'e Wy LS engineer and for the last several years 
had been’ engineering — scientist-in- 
; Jr charge. mechanical laboratory. Re 
if Se EES 
| ( 4 search Division. 


Several pages of Jones Catalog No. 21 ins . 
A/ illustrate standard and special panels Three appointments have been made 
we are constantly producing. Latest spe- in the reorganized engineering depart- 
Send your cial equipment enables us promptly to ment of Philco’s Government and In- 
produce practically any panel required. 


specifications Send print or description for prices, with- dustrial Div. They are: James B. Wil- 


out obligation. Hundreds of standard liams, director of weapon system engi- 
for prompt 


terminal strips also listed. Send for Cata- 
quotation log, with engineering drawings and data. computer and control oe and 
sis, ¢ . ache : ¥}- 
JONES MEANS John Colocousis, chief mechanical engi 
Proven QUALITY neer, 


neering: Herman A. Affel, director of 


See New Developments at the 


John Roback, formerly chief project 
WESCON SHOW, Booths 2703-04 


engineer. becomes engineering manager 
of the Data Reduction and Automation 
| Division of Fischer & Porter Co., Hat- 
HowarD a JONES Rae boro, Pa. C. R. Lambert, who has been 


aT Ta MVC T ail hoa Tr erire | named operations manager, came to 
pL CAGO.24. 1LLAREOI F & P from Daystrom, Inc., where he 


SUBSIDIARY OF UNITED-CARR FASTENER CORP was an administrative engineer. 
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NEW, 


COMPACT 


48-FRAME 


Fractional HP 
MOTORS 


INDUSTRIAL QUALITY for all applications 


ROTOR. 


Rotor bars, end rings, and fans integrally pressure-cast 
of virgin aluminum. Rotors dynamically balanced to very 
close limits; meet strict quiet-motor requirements. 


INSULATION. 


Heavy vinyl acetal insulated wire, tough 
mechanically, thermally, and dielectrically, 
has excellent moisture resistance, highest uni- 
formity. Stator core slots lined with cells of 
DuPont Mylar bonded to all-rag electrical 
paper. 


BEARINGS. 


Sleeve: pressed into place in bracket which 
has been bored trve in single set-up opera- 
tion. Finish boring operation assures proper 
bearing surface and concentricity. Ball: single- 
shielded, precision fitted in brackets. 


LUBRICATION 


Sleeve bearing type: wool yarn 

wicking provides constant oil sup- 

ply to oil groove. Inner sump cup 

retains excess oil which is tapped 

by felt wicks extending into the wool yarn. Ball 
bearing type: standard construction permits 
re-greasing. 


GOVERNOR and SWITCH 


For capacitor and split phase types. Rotating part 
securely press-fitted to shaft. At change-over speed, 
governor operates with snap action, quietly and with 
no flutter. Stationary switch is mounted on a terminal 
plate; plate is GLASTIC, a strong, moisture-resistant, 
arc-resistant glass-filled polyester laminate. Solid silver / 


contacts are used. / 


BEARING BRACKETS 


Pressure cast in special aluminum casting alloy. Stress 
relieved for permanent stability. Strong internal ribbing 
for strength, and smooth outside surface. 

jf 

f 

FRAME’ 

Stator frame rings formed of one-piece heavy rolled 
steel. No frame openings; windings fully protected. 
Rabbet fit faced and bored true to provide proper 
alignment of bracket and a concentric air gap. Heavy 
formed steel feet welded to frame ring. 


© 
P erformance-R ated MOTORS 
1/20 to 400 HP 


1806 Pine Street ¢ St. Lovis 3, Missouri ¢ 


JANUARY 1958 


/ 


take less space... 
weigh less... 


perform better! 


Century Industrial Quality means design that does not 
compromise dependability to gain slight cost advantages .. 
sturdy construction provides the stamina which assures con- 
tinuous operation. 48-Frame Motors now available from 
1/20 to 1/3 HP... Performance-Rated to your needs.. 
with weight savings up to one-third! 


Test one of these motors for yourself. Call or write your 
nearby Century District Sales Office or Authorized Distribu- 
tor. Send for new bulletin 1-1P1. 


CENTURY ELECTRIC COMPANY 


Offices and Stock Points in Principal Cities 
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Series BB Relay 


of 


& 1 


MILL LLLLLUMeCLLA 


PALI LS 


Nerve Center 
Stromberg-Carison Industrial 
Contro! Systems 


THAALALAda 


SELURED 


with HUBBELL 


HIGH TENSILE STRENGTH STAINLESS STEEL MACHINE SCREWS 


Nerve center of many Stromberg- 
Carlson industrial controls is the 
multi-contact relay above, each con- 
tact spring and insulator of which is 
carefully sandwiched together and 
compressed under high pressure, 
ready for insertion of the binding 
screws. In order for the relay to 
operate satisfactorily the binding 
screws must maintain these high 
pressures so that the contact springs 
cannot and will not twist, loosen and 


shift position 


Ordinary machine screws just 
couldn't “stand the gaff’. They 
stretched and broke under the strain, 
thereby causing endless production 
and maintenance headaches. Only 
after Stromberg engineers had set 
a rigid performance standard could 
the solution be found. Hubbell high 


Lees! 


UBBELL, 


HIGHEST QUALITY 


tensile stainless steel machine screw 
made to Stromberg-Carlson specifi- 
cations, proved to be the answer 


Lowest Cost To Service 


Quite obviously, better materials 
and components add to the ini- 
tial cost of any product. But how 
about the long term cost? When 
a product assembles quickly and 
easily, performs satisfactorily 
and requires a minimum of 
maintenance, the initial “extra” 
cost is quickly offset. Are you 
putting this time-tested prin- 
ciple into practice? Start today 
by specifying Hubbell quality 


fasteners. 


Prices and delivery on re quest. Sumply 


send blueprint or sample of the iem 


OVER 


60 


YEARS’ 
EXPERIENCE 
in the manufacture of 
highest quality rolled 
thread machine screws 
and special 
cold headed parts 


te 


WIRING DEVICES * MACHINE SCREWS 


MACHINE SCREW DEPARTMENT 


BRIDGEPORT 2, CONNECTICUT 
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Company 
Briefs 


Lundy Manufacturing Corp. has pur 
chased the Ryan Industries Div. of De 
troit from Textron, Inc., New York Cit 
Rvan Industries. manufacturers of eles 
tronic countermeasures equipment for 
the aircraft industry and the Govern 
ment will continue to operate it it- 
John R. Street plant in Detroit until 
fulfilled. There 


ved into the new 


current contracts 
after. Rvan will be 
indy plant at Glet id. Long Island 
Y 


I 
\ 


The proposed merger of Unitronics 
Corp. and The Hufford Corp. into The 
Siegler Corp. has hee: 


Siegler as the -s ving 


Con pleted wit! 
corporation 
Siegler mbined volume will be 
t an nnual 1 ot $75.000.000 

which 1.000.000 will be 
electronics divided equally 


betwee! 


Work 


Norden-Ketay Corp's. two long 
divisions. Precisi« nponents 
ind Gyrom anist Div.. comy 
their mov ! V modern 


\ 31.000 


poration s Precision ( omponents Dis 


qu 


at Commack increases the total area to 
over 85.000 sq. ft. Gvromechanisms 
Dis moved to a 17.000 =q tt buildir y 


at Huntington Statior 


electronic 


\ new Digital 
Equipment Corp., designed to provide 


company. 


vital testing equipment to the U.S. com 
puter industry. has been incorporated 
in Maynard. Mass. Two recent mem 
bers of the staff of the Lineoln Labo 
ratorv of MIT are organizers of the 
Kenneth H. Olsen. who 


Ande rson 


new enterprise: 
is president. and Harlan FE. 
vice-president 


Ceramatronics, Inc., with offices and 
plant at 364 Highland Ave.. 
N.J. has been formed for the purpose 


Passaic 


of producing high temperature ceramic- 


to-metal hermetic seal components 


high temperature printed — circuits 
single and multi-pin ceramic headers. 
end terminals and seals. and other high 
temperature — electroe-mechanical — as- 


semblies and sub-a-semblies 


Control Data Corp., \inneapolis. Minn 
a newly organized research firm in the 
fields of data processing instrumenta 
tion and controls. has elected William 
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1/4-WATT 
insulated 
hot molded 
composition 
resistor 


\ mame 


\ 


Here's a new '/,-watt, insulated composition resistor 
in a truly small size . . . ONLY ONE QUARTER OF 
AN INCH LONG ... that provides the same superlative 
performance, reliability, and uniformity which have 
made the Allen-Bradley hot molded resistor preferred 
the world over. 

Although exceptionally small, Allen-Bradley Type CB hot 
molded resistors are rated for ‘continuous operation’’ at 70°C 
ambient temperatures. The hot molded construction of this Type 
CB resistor makes impregnation unnecessary . . . it also pro- 
vides the most reliable protection against extended periods of 
high humidity, as encountered in practical applications. Avail- 
able in all RETMA resistance values from 47 ohms to 22 
megohms. Tolerances: 5%, 10%, and 20%. 

Where space is at a premium . . . and where failures would 
be disastrous . . . you owe it to yourself to investigate this new 
addition to the Allen-Bradley quality line. Please write today 
for complete specifications. Samples available for your tests. 


only 1/4” long! 


Cross section shows molded 
insulating jacket—the same 
construction as used for all 
A-B hot molded resistors 


Allen-Bradley Co. 
1315 S. First St., Milwaukee 4, Wis. 
In Canada—Allen-Bradiey Canada Ltd., Galt, Ont. 


OTHER HOT MOLDED 
RESISTORS IN 
THE A-B FAMILY 


Allen-Bradley fixed, molded 
resistors rated at 70 C am- 
bient are available in stand- 
ard RETMA values’ from 
2.7 ohms to 22 megohms in 
V2 and 1-watt sizes... and 
from 10 ohms in the 2-watt 
size. In 5%, 10%, and 


M7 NN 
20% tolerances. ALLEN-BRADLEY 
4 Z' WY) 
HOT-MOLDED COMPOSITION RESISTORS 


RIESE AY 


Allen-Bradley solid-molded resistors are 
packaged for either automatic or manual 
assembly. A-B carton packaging prevents 

oT MLM Cole Molt Mae CMU 
tape used to hold resistors in place on al a 
—for most economical assembly. 


=ie—— 
aud 
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Atlanta 





Choose from 


15,000 CONDULETS 


for any electrical job, big or small 


What classifications of electrical equipment do your 
Dust-tight °? 


specifications call for: Explosion-proot? 
Weather resistant? Conventional? 


You'll find 


lighting fixtures, panelboards, motor controls. 
fittings and related items 


Condulets Look the Part... Act the Part! 





Condulet 


appearance and ease of operation. 


For a single item of electrical equipment, or for highly 
complex installations, call on your Crouse-Hinds distributor 
for everything you need! For aid on special problems, call 


the nearest Crouse-Hinds field office listed below. 


*Dust-ignition-proof 


CROUSE © 


MAIN OFFICE AND FACTORY: Stn RLwere NEW — 


@ CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proot and Conventional) @ FLOODLIGHTING 
@ TRAFFIC CONTROL SYSTEMS @ AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 


These products cre eold ee oo electrical distributors. For pplication engineering help. contact one 





ding, Pa Richmond, Va 
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hem all in the Crouse-Hinds Condulet line 
Here is the re broadest selection of plugs, receptacles, 
junctions 


designs blend with your own: they install 
easily, look well, perform superbly. They add sales appeal 
to your product because of their reputation for durability, 








Resident Representative 








C. Norris, former vice-president of 
Remington Rand Univac Div., St. Paul. 
as president. Frank C. Mullaney, for- 
merly director of military systems en 
gineering for Remington Rand Univac, 
was named director of engineering. 
James G. Miles was appointed director 
of engineering services 


The Narda Microwave Corp., 160 Her 
ricks Rd.. Mineola. L.I.. N.Y... has en 
tered into the ultrasonics industry. A 
subsidiary The Narda Ultrasonics 
Corp., has heen formed as a separate 
operating group to provide ultrasonix 
cleaning machines and metalworking 
equipment 


Square D Company has completed ar 
electrical equipment assembly plant ir 
Atlanta. the eighth such facility to be 
constructed by the firm in. strategi: 


U.S. marketing centers since 195] 


The International Basic Economy Corp. 
(IBEC) of New York has purchased 
The Bellows Company of Akron. Ohio 
and its affiliated companies and divi 
sions. Bellows is a leading manufac 
turer of pneumatic. hydraulic and ele: 
trical equipment for automated produ 
tion 


\ new electrical components firm 
Ralph S. Thacker Company, Inc., |ia- 
been formed and is now in operation 
having taken over the contracts and 
principal assets of the Ralph S. Thacker 
Co. The corporation is engaged in the 
design, development and production of 
electrical connectors ind = comple 


mentary components 


Switchcraft, Inc. will move and consoli 
date three locations under one roof ir 
their new home which will be erected 
at 5555 N. Elston Ave Chicago Ill. 


early in 1958 


Bohn Aluminum & Brass Corp., Detroit 
Mich.. has formed a new manufacturing 
facility for the making of extruded 
decorative trim. Bohn has furnished 
extruded color anodized trim to the 
refrigeration and appliance industries 
for a number of vears 


Contacts Incorporated, formed to make 
electrical contacts exclusively, has been 
Wethersfield. Conn. Presi- 
dent of the new corporation is Robert 
W. Spellman, and K. L. Emmert is 


vice-president and chief engineer. 


organized 


All research. engineering and manu- 
facturing functions of GE Mycalex 
molded parts have been integrated in 
one central operation. with headquarters 
at Taunton, Mass. Molding of glass- 
bended mica parts was formerly carried 
on in conjunction with the company’s 
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Whenever the requirement is for straight alarm or 
limit setting, no need to pay for complex and costly 
instrumentation. A simple SENSITROL* relay will 
do the job; do it with complete reliability . . . vir- 
tually maintenance free ...and at far lower cost. 
These compact relays operate direct from the output 
of thermocouples or other transducers, on output 
signals low as ¥2 microampere or | millivolt; and 
their positive magnetic contacts handle substantial 
wattage at 110 volts. No auxiliary power, vacuum 
tubes, or boosters needed. Available with single or 
double contacts, fixed or adjustable, manual or sole- 
noid reset. For the complete story on these relays, 
consult your nearest Weston representative, or 
write for the relay bulletin... WESTON Electrical 
Instrument Corporation, Newark 12, N. J. 


1958 





ESTON 


4 


Che 
RELAYS 


4 DaYSTROM UNIT 
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Plastics Department at Decatur. II) 
Purpose of the reorganization, accord 
ing to GE officials. is to create a unified 
body of specialists in the development 
production and application of GE My 
calex molded parts 


The Victoreen Instrument Co. of (le) 
land has acquired the assets. trace 
name and good will of Jordan Electronics 
Inc., located in Alhambra. Calif. Jorda: 
Electronics manufactures nuclear rad 
ation instruments, area monitoring svs 
tems and industrial radiation detectio 
equipment 


Techalloy Company, Inc., Ralins. Pa 
has awarded a purchase contract t 
H. J. Ruesch Machine Co.. of Newark 
N.J.. for a Model 210 four-high rolling 
mill. With this mill. the latest move 
Techalloy’s $650.000 expansion pro 
gram, the company now offers precisior 


rolled strip in Monel. Nickel. Inconel 
and Inconel “X". along with stainless 
and heat-resisting steels 


















CIBA jis breaking ground for a new 


epoxy resin plant ind de velopment lah 


TR Ta UT 
Pe Ea un Ts 


oratories to be located at Toms River 
N a expected to hoe completed l 
mid-1959 









National-El Ray Co., North Holly wou 
Calif.. a new manufacturer of electrical 
and electronic components, has bee: 


; ; : ; , formed, combining facilities and per 
Fincor variable speed drive packages provide in- 


sonnel of three existing companies: El 
finite, highly accurate speed control with virtual Ray Motor Co., manufacturers of minia 
elimination of maintenance and repair. There are no ture a-c and d-c motors: Valeo Engineer- 
tubes to fail, no brushes to arc, no commutators to ing Co., makers of ceramic capacitor- 


; ; peace and National Electronics Corp., man 
burn. They require no maintenance . . . no lubrication. “in . él se ' segs 
acturers oO liters, ranstormers ana 


electronic heating elements for aircraft 
Simple, rugged Fincor units have efficiency compar- 


able to drives using d. c. motors, but overcome the 


and missiles. 


disadvantages of both d. c. and previous a. c.-pow- Technique Associates, Inc., manila 
ered drives. They have two basic components . . . a er epee Senn SS 
magnetic amplifier and a special, patented, a. c. ance Tanapiar ioruah a : 
induction motor having a built-in tachometer. The ce et RE Ooo a eee 
desired speed, pre-set or controlled by potentiometer, apolis 2. Ind 


is reached quickly with no hunting. Load fluctuations 
are compensated for automatically, maintaining the 
desired drive speed. Acceleration and deceleration 


Plans to imerease production faci 


ties for its line of “Insurok™ industrial 


cis laminated plastics have been con 

are controlled to eliminate shock. pleted by The Richardson Co., Melro: 
Park. Hl Phese plan- will affect 

Standard Fincor units are available with 1/6, 1/4, of the company’s plants--in Newna: 


(a ind Melrose Park through a st 


in production emphasis and installa 


1/3 and 1/2-horsepower motors mounted on NEMA 
56 frames. All models operate on 3-phase, 220-volt, 
60-cycle power and are protected against overload. 


tion of new equipment 


H. K. Porter Co., Inc, New York. h 


wequired R. Thomas & Sons Co., Inc. 
| as iv Ah i lact U of high voltage nd other 
- \ I c) lthite Mr Eiulllu [257- / sree arpa el i | “ fitcore rT 


quired company. to be Known as 
FIDELITY instRUMENT CORPORATION Gintade Statin, ie: located’ in Lis 


Ohio. | s opere Oolis co ibine i 
1000 EAST BOUNDARY AVENUE YORK, PENNSYLVANIA ee ieee ae ot it a 


Porter. R. Thomas & Sons is Porter- 
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ALLIED’S MHJ RELAY 
Built for Shock and Vibration 


10-55 eps at 0.125 inch dovble-amplitude * 55-2000 cps at 20g 


Here are the facts: 


Contact Ratings: 

Low level up to 2 amperes non- 
inductive or 1 ampere inductive 
at 29 volts d-c or 115 volts a-c 


Contact Arrangement: 
MHJ-12D: 4 PDT 
MHJ-18D: 6 PDT 


Temperature: 
Minus 65°C to plus 125°C 


Vibration: 

10-55 cps at 0.125 inch 
doubie-amplitude 
$5-2000 cps at 20g 


Operating Shock: 100, 


Weight: 
MHJ-12D: 3.0 ounces 
MHJ-18D: 4.2 ounces 


insulation: 
1000 megohms minimum 


Dielectric Stress: 
1000 volts rms at sea level; 
500 volts rms at 70,000 feet 


elated Cuntene Meitobsinat 
.03 ohms maximum at .01 to 2 amps 
Operate Time: 


10 milliseconds or less 
at rated voltage at 25°C 


Now with Stabilized 
Construction* 


TYPE MHJ 


ACTUAL SIZE 


MOUNTING +6-32 NC-2A THD. (2) STUDS 


a B vi 9) E a 
MHJ-12D (4 Pole) 1% max. I% 1% 17% 1406 1% 
MHJ-18D (6 Pole) aA max. 1% 1% I1'%6 1.562 1% 


@ ALLIED CONTROL 


“AAAMED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, N. ¥. .. 


Circle 288 on poge 17 











183 in./sec. 






oe 
Be 
2.5 ms. 
How to move 
a plunger 
at 900 g’s 


Problem: Design an assembly to 
release a gate on the sorting mech- 
anism of a business machine. 

The assembly must actuate a 
plunger, getting it out of the way 
in 2.5 milliseconds. 

It must be reliable over a long 
life. Keep it small. Keep cost low. 


Our solution: A marriage of pulse 
circuit techniques and electromag- 
netic plunger techniques in an 
electromechanical transducer. 
The final unit develops an ac- 
celeration of 950 g’s and a peak 
velocity of 183 inches per second. 
A force of 74 pounds moves the 
1.25 ounce plunger .051 inches. 
The plunger moves 90% of this 
distance in only 0.5 millisecond— 
only 1/5th of the time allowed. 
If you want an electronic assem- 
bly, designed and produced in 
large or small quantities, contact... 


CALEDONIA 
Dept. EM-1,Caledonia, N. Y. 


In Canada: Hackbusch Electronics, Ltd. 
23 Primrose Ave., Toronto 4 
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second recent acquisition in the elec- 
trical manufacturing field; late in April 
the organization acquired: Federal Wire 
and Cabie Co., Ltd., Guelph, Ontario. 


The Louis Allis Co., manufacturer of 
motors, adjustable 
speed drives. marked the completion of 
their $2.500,000 plant and office addi- 
tions started in September. 1956 with 
an open house program held November 
1 and 2, 1957, which welcomed 15,000 
guests. The 


gearmotors and 


main plant addition to 
house their large motor production di- 
vision adds 121.000 sq ft of manufac- 


turing floor space. 


Van Norman Industries, Inc., has or- 
ganized a systems and automation re- 
search and development facility, to be 
known as Systems Automation Group, 
which will be located at 904 D St.. 
N. W.. Wash... D. C.. The organization 
will operate as a part of H. W. Butter- 
worth G Sons Co., a division of Van 
Norman. 


Plans for a coast-to-coast network of 
screw-thread measuring laboratories to 
help industry with fastener fit and 
gaging problems have been revealed by 
Standard Pressed Steel Co., Jenkintown, 
ra. 

The novel service for industry will 
come into being early in 1958 when 
SPS opens three identical screw thread 
metrology labs at company 
Jenkintown (in 


plants in 
Philadel- 


Cleveland and Los Angeles. 


suburban 
phia rE 


Haveg Industries, Inc., has acquired 
a wholly-owned subsidiary. the Reinhold 
Engineering and Plastics Co., Inc., of 
Norwalk, Calif.. producers and fabrica- 
tors of plastics for the aircraft missile 
industry. 


Methode Manufacturing Corp., located 
at 2021 W. Churchill St.. Chicago, I1.. 
has moved a portion of operations to 
7447 Wilson Ave.. Harwood Heights, 
Chicago. occupying a new one-story 
plant especially designed for its manu- 
facturing requirements. 

Tung-Sol Electric, Inc., of Newark, 
N. J.. has added a selection of neon 
glow lamps to its miniature lamp line. 
Of the types newly listed by Tung-Sol. 
two, the NE-2 and NE-51, account for 
more than three-quarters of the indus- 
try-wide unit volume. 


The International Electronic Research 
Corp., Burbank, Calif.. has expanded 
its operations into the electron and avi- 
ation instrumentation and equipment 
fields with the announcement of Elee- 
tronics International Co. and Aircraft 
Electronics of Burbank and Long Beach. 
Calif. Electronics International Co. will 
operate as a Special Products Division. 





Book Reviews 








Data on Plastics. Available 
from the Manufacturing Chemists’ 
Association. Inc.. 1625 Eve St., N.W.. 
Washington 6, D. C. 213 pages, price 
$3.25. 


Technical Data on Plastics has been 


Technical 


compiled by the Manufacturing Chem- 
i Plastics Tech- 
nical Subcommittee. composed of rep- 


ists’ Association, Inc.. 


resentatives of member companies. For 
specify sections of the book. this group 
had the able assistance of similar rep- 
resentatives of certain non-member ma- 
terial manufacturers, laminators and 
others. 

The purpose of the book is to ac- 
quaint the user with the properties 
which characterize the various commer- 
cially available plastics. Each section is 
devoted to the discussion and presenta- 
tion of data for plastics sharing either 
a certain basic composition (e.g., vinyl 
chloride polymer and copolymer) or a 
basic form (e.g.. thin films). 

The data presented in the tables were 
derived from tests made by each manu- 
products. The 
methods of test used for  obtain- 
ing the data were those established by 
the ASTM. wherever an applicable 
ASTM method exists, and the ASTM 
designation of the test methods is given 
in a column of each table. These meth- 
ods are generally accepted as standards 
among 
plastic 


facturer on his own 


beth users and producers of 
materials. 


Transistor Electronics. By David DeWitt 
and Arthur L. Rossoff. McGraw-Hill 
Book Co.. Inc.. 330 W. 42nd St., New 
York 36, N. Y. 392 pages, 188 illus- 
trations. Price $8.00. 

This book is planned to provide en- 

gineers with a thorough familiarity of 

the properties of the transistor and its 
underlying physical mechanisms. Step- 
by-step, it gives the practicing or be- 
ginning engineer a working knowledge 
of quantitative transistor circuit design. 
based on a clear-cut understanding of 
the internal workings of the transistor. 

The text assures useful design accuracy 

without a prior knowledge of quantum 

mechanics. 

Early chapters deal with semicon- 
ductor physics, touching lightly upon 
quantum mechanics, energy band 
theory, and Fermi statistics, and provide 
a clear, complete picture of important 
semiconductor processes. 

Later chapters provide a practical, 
up-to-date explanation of the transistor 
device, incorporating all reasonable ap- 
proximations and relating device prop- 
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Waldes Truarc Retaining Ring eliminates 7 parts, saves °8.88 
in sub-assembly of aerial reconnaissance camera 


Gordon Enterprises, No. Hollywood, California, saved 
the Navy almost 11/2 million dollars on 500 cameras. Gordon 
rebuilt new, efficient “CA” series out of Navy-owned obso- 
lete models. Critical parts are now held together by Waldes 
Truarc Retaining Rings. 


Truarc Rings are trouble-free, will not change position during 
operation. Accuracy is limited only by 

groove and ring dimension tolerances. 

And standardized Truarc Rings are 

quickly interchangeable in overhaul 

which now takes only 11 minutes, can 

be handled by unskilled technicians. | 


Weight Saving: 7.25 oz. 


Assembly Time 
Saving: .....6¥2 min. 


DOLLAR SAVINGS: 
Material .......$ .93 
Fabrication ..... 6.88 


li Oo 9 . ail ¢ - Inspection ...... 1.07 
erne ' v ' Uv 


Total $8.88 


Truarc 5100-287 ring retains shutter speed and shutter assemblies accurately to camera 
adjustment mechanism on the Lens Adapter body. Alternate design required retaining 
Plate Assembly which mounts and locksthelens washer, spring, collar and 4 locking screws. 





Whatever you make, there’s a Waldes Truarc Ring de- _ rials through to the finished product. Every step in manufac- 
signed to save you material, machining and labor costs, | ture watched and checked in Waldes’ own modern plant. 


and to improve the functioning of your product. Field Engineering Service: More than 30 engineer- 


In Truarc, you get ing-minded factory representatives and 700 field men 
Complete Selection: 36 functionally different types. re Ot your call. 

As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 
Controlled Quality from engineering and raw mate- assembly and production problems...without obligation. 


For precision internal grooving and undercutting ...Waides Truarc Grooving Tool! 


ei em enincciains sini 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.Y. 


. —\ RETAINING RINGS 


y= WALDES KOHINOOR, INC. City Zone... Slate... 
47-16 AUSTEL PLACE, L.1.€. 1, N.Y. ee pk ss gs is ern i seca 
WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equa! patent protection established in foreign countries 


Please send new, descriptive catalog showing all 
types of Truarc rings and representative case his- 


tory applications. (Please print) 
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(SOLENOIDS 


Newest Additions te the Anderson Line... 


You can always rely upon Anderson to stay 
ahead with new developments in 
SOLENOIDS. In response to many needs and 
requests, this new “C’” series has been 
developed . . . send for samples today. 


MINIATURE 
Type ¢=-5 


Big power in a small pack- 
age. Size 56”x%"x1%”. 
Available for A.C. or D.C. 
service. Construction in- 
cludes nylon plunger 
guide to minimize wear, 
insuring long life. 








Type C¢C=-8 
Low cost solenoid devel- 
oped for appliance and 
vending machine applica- 
tions. Size. 1%” x 1%” x 
1%” A.C. service only. 
Available in pull or push 
types and with spring re- 
turn. 





Do you need a small, efficient, durable 


solenoid for your application? . . . Look no | 
further. ANDERSON WILL DELIVER WHAT 
ay 
SS 


YOU WANT, from stock . . . or custom 
types to your specific requirement. 


Your inquiries are invited. { 
nn ) 


CN 
SEND FOR NEW 1958 CATALOG TODAY! a all 


co 
anderson controls, inc. 
Generai Offices: 2777 Mannheim Road pes etree Te 
Phone: VAnderbilt 4-3147 





Factories: Des Plaines and Woodstock, Illinois 


N 
“1 
N 
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erties to physical theory 

In showing how to apply these meth 
ods to actual practice the book stresses 
speciic prototype circuit uses, not just 
general handbeok coverage. In easy-to 
read language. it explains basic quanti 
tative con epts and shows how to apply 
them to transistors that appear to have 


good future. 





Engineering 
Standards 


EIA Standards 


lhe following three recommended ELA 
standards are now available 

RS-170 Electrical Performance 
Standards Monochrome Television 
Studio Facilities this Standard 
from Standards Proposal Nos. 475 


and 536. is a revision of TR-135 
Price $1.10 

RS-198-—-Ceramic Dielectric Capaci 
tors. Classes 1 and 2 (this Standard 
from Standards Proposal Nos. 522 
and 543. is a revision of REC-107-A 
Price 80 cents 


RS-201 Recommended Standards 


for Export Receivers (this Standard, 

from Standard Proposal No. 547, is 

a reafhrmation of REC-112 Price 

25 cents 

Copies may he obtained by writing 1 
Electronic Industries Association. Engi 


reering Dept 1] Woest 12nd st New 
York 36. N. ¥ 


NEMA Standards 
two NI \I \ standards are 


ivailable for distribution 

NEMA Standards Publicatior 
Transmission and Distribution Volt 
ive Regulator-.. TR 6-1957— Indu 


tion and step voltage regulators 


| t followin 


covered in this revised book Specihe 
Information - piven concerning rat 
ings. range of regulation, te mperature 
rise. service Conditions, tests. teature- 
ind iccessories letter dimensions 
terminal markings and cable conne: 
tions. Price $2.00 
NEMA) Standards Publication — for 
Bias-Cut Varnished Cotton-Fabri 
Pape Revised book- ive been ts 
sued on this s ibject VF 3-1957 for 
black and VF 4-1957 for vellow bia 
cut varnished  cotton-fabrie tapes 
Both books cover testing, dimensions 
physical properties. manufacture 
packing. marking and inspection 
such tapes. Price 75 cents 
Copies may be obtained by writing to 
NEMA, 155 East 44th St New York 
ee 
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An Ounce of Protection 


KLIXON precision aircraft circuit breakers 
have to be light; yet even the smallest, 
weighing about 114 ounces, can safely 
interrupt a 120-volt ac, 400-cycle circuit 
delivering over 4000 amperes. To provide 
the high arc resistance and great physical 
strength required, Spencer Thermostat 
Div., Metals and Controls Corp., uses 
glass-filled CYMEL® melamine plastic hous- 
ings. These non-corrosive housings are 
excellent insulators and stand up to 
impact, humidity, dust, temperature ex- 
tremes and fire. 





Plastic Keys Conduct Orchestra of Light 


The Lumitron Lighting Control System permits one oper- 
ator to play infinite variations in stage-lighting effects 
using handles and slide bars molded of BEETLE® urea 
plastic. BEETLE, an excellent dielectric, requires no insu- 
lation. Molded-in colors are permanent, permit quick 
circuit identification for console operator. Developed 
by Metropolitan Electric Manufacturing Company, 
the Lumitron has an excellent record of dependable 
performance. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
33D Rockefeller Plaza, New York 20, N. Y 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


—_CYANAMID Plastics 


1 | 
New Low-Cost Electrical Outlet System 
Made of ivory-colored BEETLE urea molding compound, 
new interlocking foot-long units provide low-cost, easily 
installed electrical outlet extensions. BEETLE combines 






good mechanical and dielectric properties for safe, de- 
pendable service, meeting ASTM Specifications D705-49, 
Made by Cable Electric Products, Inc., this 


Im Yar ny °c Poaller ‘ : ur 
Inter-Link System is fully approved by 


Grade I. 
new Snapit 
Underwriters Laboratories, Inc. 


i 








and Resins 
Division 


Offices in: Boston * Charlotte * Chicago « Cincinnati « Cleveland « Dallas * Detroit * Los Angeles *« New York * Philadelphia « St. Louis « Seattle 
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Magnetism Research 


(Continued trom page 100) 





In the circuit of Fig. 23A, Li is either a toroidal ferrite 


test core or an air-core coil of approximately same induct- 
ance. With test core in circuit, the 100-watt signal generator 
is loosely coupled to the resonant circuit of Li and Cs. 
Capacitor C; and/or power level of signal generator is varied 
to adjust flux level in sample. With Cs turned to resonance, 
Vi is read across ( Assuming this voltage is equal to 
voltage across 11. flux in sample can be readily calculated. 
Then with air-core coil. Cs is adjusted for resonance and V2 
read. Air coil Q, can be measured on commercial Q meter 
and “injection” voltage of series resonant circuit V, 
V2/Q,. Test sample Q equals V1/} so power dissipated in 
sample is equal to } ‘i wl ie QiC +-C,). 

For the higher frequency tests. using the circuit of Fig. 


equals 


23B. the slotted line. Ci and Le behave as a series resonant 
circuit coupled to the signal generator through 11. Sample 
flux is readily calculated from current and permeability. 
Current at sample location is controlled by varying the cou- 
pling and/or generator power. Current is measured as a 
function of probe output to a matched coaxial wattmeter. 
To test: Ci is turned for resonance, probe set at voltage 
maximum and current adjusted to desired level. The voltage 
standing wave ratio (VSWR), is measured, the sample re- 
moved and V2, the VSWR of empty line, determined. Power 
dissipated in sample is /*-R(J] —V1/V2)/Vi where R is the 
characteristic impedance of slotted line. 

Choosing the best ferrite material for magnetically turning 
the accelerating cavities of the Penn-Princeton 3 Bev High 
Intensity Proton Synchrotron was a design problem that lead 
P. P. Lombardini, R. F. Schwartz and R. J. Doviak to under- 
take a general testing program for ferrite cores because 
manufacturers data was found inadequate. 

Ferrites were to operate in bands of 2.5 to 30 or 3.75 to 
40 megacycles. Power supply economy dictated the figure of 
merit (~Qf)* be not lower than 10!” cps in the upper part 
of the band. Results are shown in Fig. 24 for cores supplied 
by Philips (Ferroxcube), Steatit-Magnesia, West Germany 
(Caraperm), Lignes Telegraphie & Telephonique, France 
(Fernilite) and General Ceramics (Ferramic). All data are 
at inductions of 20 gauss of r-f flux—the level of interest to 
the synchrotron designers—with cores of different initial 
permeability »,. With parallel bias the figure of merit was 
found to decrease with increased initial permeability; with 
bias reoriented transversely wQ/ rises severely. 


ant 
w WZ 


s th t th fe 
u is t ative permeability and Q e reciprocal o e magneti 


Table Vi—Losses in Ferrites at 3 to 100 Mc 
(Source: U. S. Army Signal Engineering Laboratory) 


Watts dissipated per cubic centimeter 


Induc- Material* 
Freq tion 
(mc) gauss) 2006** Q1 Q2 2728** 

3 100 0.04 0.07 ‘ 

3 220 0.24 0.70 = 
10 50 0.041 0.105 0.062 0.17 
10 110 0.28 0.78 | 0.39 0.94 
20 30 0.054 0.22 | 0.046 0.14 
20 80 0.60 | 0.43 1.1 
55 15 0.21 0.14 
55 25 a 0.64 | 0.45 

100 4 —. 0.048 
100 e - | 0.76 | 0.20 
| 





*Sampl's manufactured by General Ceramics Corp. 
**Experimental bodies 
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. 


Coaxial slotted line 
Fig. 23—Power loss test circuits for ferrite cores: (A) series- 
resonant circuit for frequencies to 50 me; (B) short-circuited 
coaxial slotted line for frequencies 50 to 100 me. 
U. S. Army Signal Engineering Laboratories) 


Ferrite sample 


(Source: 
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Frequency,mc —>— 


Fig. 24—Figure of merit for various ferrite cores measured 
from 2.5 to 30 me at induction of 20-gauss r-f flux. (Source: 
Univ. of Pennsylvania) 
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SPECIFIED INDUSTRY-WIDE FOR UN 
OUTSTANDING DEPENDABILITY... gf 
Sy | 


RESISTORS © TA 
Lt) RHEOSTATS 


Offering Designers and Engineers Electrical and 
Mechanical Advantages of Proven Dependability 



























e Smooth, long-life e Non-crazing, high 






mechanical action temperature coating a AA ~) 

e Permanent, positive e Maximum immunity ‘| 

electrical contact to humidity, saltspray OG ; 
Constant pressure Stronger core affords 


contact arm adjusts extra dependability 
tension for complete under extreme operat- 
continuous contact, ing conditions. All wire 
eliminates backlash, connections on H-H 
prevents binding. High Long Life Resistors 














temperature gray vitre- feature all welded con- 
ous enamel coating in- struction. The fixed, 
creases Safety by its ferrule and adjustable 
ability to withstand types meet MIL-R-26 
overload. specifications. 


H-H Blue Ribbon Resistors provide higher wattage 
ratings per unit, save space and weight wherever 
mounted. Ruggedized construction features high 

temperature, vitreous enamel, crazeless coating 
offering maximum moisture resistance. Aluminum 
thru-bar distributes heat uniformly along entire 


resistor length. Mounting studs are all corrosion 
resistant, and bracket assembly is vibration-proof. 


Illustrated catalogs available on 
H-H Resistors and Rheostats include 
helpful engineering and installation 

data. Call or write for copies, now! 
Standard stock items available for 
immediate delivery from authorized 
local electronic parts distributors. 





DESIGNED 
TO MEET MIL-R-26 
SPECIFICATIONS! 


The Mark of Quality 
Since 1924 


_ 40 HERMON ST., NEWARK 5, N.J., U.S.A. 
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Thyrite Bridge Applications 


nalling. The harmonic content was found to provide a 
pleasing tone at the 1200-cycle fundamental. 

Voltage regulation also can be a useful application of 
the Thyrite bridge. In the preceding examples. the bridges 
were made up of two equal linear resistors and two equal 
bridge 
linear resistors o1 


Thvrites. a different characteristi 
attained. Fig. 8. 


Thyrites. This we will refer to as a “square” 


By changing the value of one of the 


one of the shape is 


eives a relatively constant 


This shape 


output voltage over a large variation of input voltage. 


and can be thought of as a very poor transfer device 


This oncept | 


wherevei voltage 


applies 


j 
desired 


This characteristic can also ised in signal voltage 
transfer. If this bridge were in use as a phase inverter. 
for example, as in Fig. 5, a decrease in bias voltage 
put the input on a flat region of the curve and effectively 
eut off signal transfer. Rapid signalling changes without 
real interruption of a signal which may be needed els 
where is thus made possible. 

Other possible applications of the Thyrite characteris 
tic. either as a bridge or as a single element include: 

1. Thyrite has a voltage vs current curve which is quite 
similar to the R¢ 


cathode circuits to provide self bias. 


combination used in vacuum. tube 
Perhaps one ele 
ment can replace two. and provide very nearly the same 
performance 


) 


2. Thyrite resistance changes as voltage changes 


Perhaps this characteristic can be used to provide con 


tactless variable voltage dividers. variable time con 
stant RC combinations. 

}. Small neon lamps are sometimes used as constant 
voltage signal coupling devices computer 
cuits. The Thvyrite characteristic is simi o the ne 
unlike neon lamps. Thyrite is 

\ simple graphical approach wl 
out the shape of any Thyrite-resistar 
characteristic) cury 
For refer 
Phese 


much of the necessary information about 


shows several 
resistors presently available 
nee values are also plotted. 
combinations. A simple second plot will pro 
needed to predict the entire bridge characteristic 
suming zero load current. which is usually possible wher 
using the bridge in amplifier circuits. a typical graph 
eal analysis will show the steps required 

From Fig. 1. we can see that wherever a Thyrite « \¢ 
intersects a linear resistor line. equal voltages exist across 
each device. This gives the crossover voltage for a brides 
made up of the resistor and Thyrite involved. Since each 
has the same voltage impressed, and the two are in series 
voltage is double the 


We can make this state 


icross the input. the crossover 


ntersection voltage in ie. I. 


ment because any bridge is a parallel combination of two 


series connected elements The 
Thyrite combination. 


The next step is to assume several different values of 
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element is the resistor- 


current through the resistor-Thyrite element and deter- 
mine the voltage needed to provide this current. Voltages 
are picked off the curve for the Thyrite. The use of Ohms 
law will provide the resistor voltage at any assumed cur- 
rent. A tabulation of these values can be made, and a 
set of curves plotted as shown in Fig. 9. Here are plotted 
the impressed. or total. voltage for the series combination 
vs the two « omponent voltages. From these curves we can 
plot the whole bridge The bridge 
Input voltage is the difference between the two ¢ omponent 
voltages at that point. A study of the bridge shows why 


curve, output at any 


this is so. This procedure cvives the entire bridge chara 
teristic and has shown good agreement with the actual 
curves when the combination was put together and tested 
Phe two-step procedure allows a fast check on characteri- 
tics ina “square” bridge. 

lo check the 
tion of resistance and Thyrite is plotted on the same curve 
sheet. Fig. 10. Here we show the 


show 


regulating bridge. a different combina 


bridge circuit, and we 
a plot of input voltage vs one resistor and one 


Thyrite voltage. To show the relationship hetween these 


component curves and the bridge output curve we have 
also plotted the output on this scale. This probably repre 


sents a majority of electronic applications. since most 
designers will probably have sper ihe crossover points to 
other 


square” bridge will not provide. 


l 


design to or will need characteristics that the 

Conventional amplifiers are not applicable because th 
input and output of the bridge have no common terminals. 
One circuit which has operated with good results is shown 


in Fig. 1] 


bridge bias and signal simultaneously and shows the 


This circuit demonstrates the application of 


double input amplifier which has performed well. No 


| 
doubt other amplifier circuits can be designed for the 


bridge output. 


In use. this circuit will give the waveforms shown 


Figs. 4.5 


i constant amplitude 


». and 6 by adjusting the bias potentiometer whil 
signal is present. To obtain the 
frequency tripling shown in Fig. 7, bias is set to zero 
third hai 


and signal amplitude is increased until the 


nic content of the output maximizes. 


Other effects can be obtained with this circuit since 


control of the signa 


iflords complete input level a- 


well as the bridge bias level 


Thermal Relays Perform 
Unique Functions 


hie. OF; After 


sponse to an overload condition. the circuit delays for a 


removing equipment from. the line in re 


predetermined cooling period and then re-connects the 
equipment to the line and immediately detects whether 

not the overload condition has cleared. If it has not. 
the circuit again immediately clears the equipment from 


the line. With this circuit. emergency equipment can be 
operated on a faulted line for intermittent periods, allow 
ing cooling periods to prevent damage. 


(Thermal sensine relays can be arranged to monitor 
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various types of pulsing functions. Frequently in a cir- 
cuit including a pulsing voltage it is de-ired to apply a 
thermal relay so as to not operate as long as the pulse 
cycle is normal. When a malfunction occurs. such as the 
voltage becoming steady, it is desired that the relay con- 
tacts operate protectively. By adjusting the thermal relay 
so that it does not respond to the average equivalent power 
of the normal pulse, this is accomplisiied. 

Thermal Relay Specification. Except for environ- 
mental requirements. there is little in the way of tune- 
tional performance specifications for magnetic relays 
that can be made applicable to thermal relays. In the 
latter. the objectives. the means of accomplishing them 
and the means of measuring them are all entirely dif- 
ferent. and consequently difficulties are encountered when 
the effort is made to apply general relay specifications 
to the thermal units. The military services are engaged 
in preparing suitable specifications to apply to thermal 
relays. Typical performance requirements for thermal 
relays. for comparison with parallel data for magneti 
relays. from a proposed thermal relay specification® are: 
Minimum Operate and Minimum Hold-In J oltage shall 
he as specified over the ambient temperature range regard- 
less of the temperature rise due to heater excitation. For 
26.5-volt relays. minimum operate and hold-in voltage 
shall not be more than 22 volts. for 115-volt relays it 
shall not be more than 95 volts. 

Heater Resistance shall be as specified by the manufac- 
turer. Heater resistance tolerance. for any group of the 
same relays. shall he 10 per cent unless otherwise 
specifie \. 

Operate. Release and Recovery Time shall be specified as 
required. Preferably only one timing characteristic shall 
be specified. and unless otherwise stated this shall be the 
Normal Operate Time. 

Over Voltage. After application of 32 + 0.5 volts. for 
26.5-volt relays. and 127 volts. for 115-volt relavs. to the 
heater for 8 hr. the relay Normal Operate Time shall be 
as specified and the relay shall not be damaged. 

A complete set of performance data for a specific typical 


thermal relay is given in the table. 


The Anatomy 
of Automation—| 


Continued trom page 85 





only by what it does. or what it is to do. not how this is 
done. and by what means. 

The functional approach to system design is a power- 
ful technique. By keeping an eye on function only. 
through the use of block diagrams and other “models”. 
complex systems can be worked out to a high degree. 
Avoiding operational and physical details until the func- 
tional aspects have been considered intensively is an 
efficient practice. This is so because functional concepts 
are cheap compared to operational designs and physical 
models. 
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The operational aspect concerns how the function is 


accomplis.ied, tue method or “mode” of its operation. 
The physical aspect concerns the “hardware”, the actual 
means by w..ica the desired function is accomplished. 

The three aspects are not independent, for function 
cannot be accomp!ished without some means, and hard- 
ware is of no use unless it accomplishes an objective. 
Chis is true of all systems, especially control systems. In 
general, functional considerations must precede the op- 
erational aspects. which is finally terminated by the 
physical machine design. 

Another reason why the functional aspects must 
dominate is that few machines are designed by one man. 
Usually this is done by a team consisting of mechanical 
engineers. electrical engineers, and designers, to handle 
both mechanisms and controls. For convenience. the 
“team” is sometimes referred to as the machine designer 

Phere was a time when the machine proper (the mecha- 
nisms! would be designed and even produced before 
the control designers were called on the scene. Today s 
machines and their control systems must be designed 
concurrently. Electrical engineers may know controls. 
but don’t ordinarily know machines and their opera 
tiona! requirements. On the other hand. mechanical ma 
chine designers aren't usually aware of the possibilities 
of automatic control and so their designs are apt to be 
needlessly traditional. 

The functional approach makes it possible for machine 
and control to be conceived as a single unified svsten 
The members of the design team merely trade functional 
concepts in the form of “functional block diagrams 
Once the svstem. including mechanisms and contro!s. is 


pinned down according to what each element is to ds 


(its function) then the modes of operation and the phys 
ical design of the machine-control combination can be 
determined. At this stage. each member of the desig 
team performs the detailed physical design of hi- 


specialty. 


Factors of Manufacture (Table 9). In automati 
manufacture the question is which factors must be cor 
trolled and which can be safely ignored. As long as there 
was a man in the background ready to adjust an aut 
factors could be 
negligible. As machines assume more human faculties 


matic machine. many considered 
and work unattended for longer periods, the machines 
themselves must detect changing conditions affecting 
their performance and take corrective action. This re 
quires that machine process factors be separated into 
negligible factors and pertinent factors. Then, by auto 
matic instrumentation of the pertinent factors, the ma 
chine can be made to correct any tendency to drift. and 
also to compensate for changing environmental condi 
tions. 

Of the pertinent factors. some are constants, which. 
once established. can be ignored. Parameters. the “vari- 
able constants” in a sense. are the gross adjustments of 
a process. Variables are the key factors that determine 
the exact configuration of the product. 

Thus far we have examined the “organs” of manufac- 
ture, the machines and their modes, objects, agencies. 
aspects and factors of manufacture. In the main. ma- 
chines use energy, and control systems make use of 
information. In Part II to follow. we shall look at control. 
the “nervous system” of automation, and also at auto- 


mation’s brain. 
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resisto 


Unusually versatile 
Vitrohm® resistor 
line simplifies 
design problems 


Did you know that high reliability Vitrohm Resistors can 
take on almost every shape the designer needs? More than 
11 styles fit almost every design requirement. All have the 
same outstanding Ward Leonard quality—quality that 
protects your reputation as an equipment designer. For 
example: 

1 FIXED Vitrohm tubulars come in 5-to-200 watt sizes. 
2 AXIOHM, standard in 3, 5, or 10 watts, with axial leads 
is ideal for compact electronic gear. 3 ADJUSTOHMS make 
it easy to get the right voltage, bleeder or bias current. 

4 NON-INDUCTIVE Vitrohm tubulars, up to 160 watts 
in stock sizes. Famous ftlatted sides and ‘Ayrton-Perry’ 
winding keeps down inductance and capacitance. 5 DISC- 
OHMS, at 24 watts, feature extra compact mounting and 
6 PLAQOHMS, sizes to 150 watts, are also non-inductive. 
7 STRIPOHMS, from 20 to 75 watts, are another way to 
save space — an easy, compact way to stack mount resis- 
tors. 8 RIBFLEX resistors (made to order) can dissipate 
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up to 550 watts and take terrific momentary overloads. 
Resistances from 0.04 to 66 ohms. 

9 FERRULE TERMINAL resistors (made to order) fea- 
ture fuse-clip-type mounting. 10 SCREW BASE resistors 
(also made to order) are suited to equipment requiring 
ready change of resistance values. 12 BRACKET TERMINAL 
resistors have leads silver-brazed to mounting brackets. 
Mounting the resistor completes electrical circuit. 

12 MIL-R-26C Vitrohm Resistors available in all styles 

all sizes—all characteristics and all resistance values 
listed in the specification. 

Designing with power resistors is easy with the 64-page 
Ward Leonard Catalog 15. It’s full of data on these resistors 
and more. Write for your copy today. Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, N. Y. (In Can- 
ada: Ward Leonard of Canada, Ltd., Toronto.) 
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ACTUATORS, BALL-SCREW 


Saginaw Steering Gear Div General} 
Motors Corp., Saginaw, Mich 
ADHESIVES 
Armstrong Cork Co., 7011 Ingersol, Lan- 
easter, Pa 
Bake Co., D fl ‘ ‘ 
E. 42nd, New York N. 3 
Durez Plastics Div Hooker Electr 
! Co 1 1 Walck R N 


Tonawanda, N. Y¥ 
Houghton Laboratories, 
Johns- Manville Dutch 

7800 Woodlawn Ave 
Koppers Co., Inc., Chemical Div., 

pers Bidg., Pittsburgh 19, Pa 
Minnesota Mining & Mfg. Co 


Inc., Olean, N. ¥ 
Brand Products 

Chicago 19, I 

Kop- 


Electrical 


Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

ALUMINUM. See also Castings 

A m ¢ fA yA 


19 Pa. 
Waterbury 20, C 


Bidg., Pittsburg! 


American Brass Co 


Hunter-Douglas Aluminum Corp., Dept 
EM-12 River e, Calif 

Kaiser Aluminum and Chemical Sales, In 
1924 Broadway, Oakland 12, Calif 

Mirro Alumir ( Mar voc, W 

Kevere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. ¥ 

Reynolds Metals Co., P.O. Box 1800-ED 


Louisville 1, Ky. 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass 

Daystrom Transicoil Cort Ww 
Montgomery County, Pa 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Kearfott Co., Inc 1378 
Clifton, N. J 


roester 


Main Ave., 





Librascope, Inc 808 Western Ave., Gler 
dale 1, Calif 

Magnetic Amplifiers, Inc., 632 Tinton Ave., 
New York 55, N. ¥ 

Nothelfer Winding Laboratories ro oe 
Box 455, Dept. 101, Trenton 3, N. J 

Sanborn Co., 175 Wym Walthar i 
Mass 

Servomechanisms, In Mechatrol D 17 
Brooklyn Ave., Westbury, L. I., N. ¥ 

Servospeed Cc Div of Electro-D * 
Inc., 4 Godwin Ave., Patersor N. J 

United Transformer Co., 150 Varick, New 








Y 13. N. Y 
Vickers Electric Div., Vickers, Inc 1803 
Lacust, St. Louis 3, M 
Westinghouse Electric Cort Gateway Cer 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 80 Pa 
Weston Electrical Instrum Cort A sul 
~ Daystrom Ir t Fre g en 
Ave., Newark 5, N. J 
ANODES, PLATING 
American Brass (« Waterbury Conr 
American Platinum Works New Jersey 
Railroad Ave., Newark 5, N. J 
Baker & Co Inc 113 Astor, Newark 
N. J 
Chase Brass & Copper ( Sul ‘ Ker 
necott Copper Cort Waterbury ( r 
General Plate Di Metals and ¢ rols 
( For 
Silver, G 
Handy & Harn R2 I York 
8, N. Y. (Silver, ¢ 
Hi & ( ( I 
Revere ( - Br I Park 
A Ne York N. Y¥ 
s r Manuf ring © s r 
‘ 
ASBESTOS SLEEVING. See S j 
I A s 
AUTOMATION EQUIPMENT 
Str Car D ’ ( 
. ‘ ( 
Rochester N 
BALANCING MACHINES 
General } tric ¢ 4 r s I 
Hickok Ele 4 I r ‘ 
4 ( x. « 
280 


Micro Balar 


Garden City 


ing In Herricks Rd 

Park, N. Y 

Westinghouse Flectric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 LAberty Ave., 
Pittsburgh 30, Pa 


BALLS, BEARING 


Hoover Ball & Bearing Co 
Ann Arbor, Mich 
SKF Industries, Inc., Philadelphia 32, Pa 


326 E. Hoover, 


BATTERIES, DRY 


Mallory & Co., Inc., P. R., Indianapolis 
f Ind 

National Carbon Co Ine A Div. of 
Union Carbide Corp., 30 E. 42nd, 
New York 17, N. Y. 


RCA Electron Tube Div., 
America, Harrison, 8. J 


Radio Corp. of 


BATTERY ELIMINATORS 
Supply Units; Rectifiers. 


See Power 


BEARINGS, BABBITT 


Ryerson & Son, In Joseph T., Chicago 
80, Ill 

BEARINGS, BALL (Miniature) 
Miniature Precision Bearings, Inc., 611 
Precision Park, Keene, N. H 

New Departure Div. of General Motors 
Corp., Bristol, Gonn 

New Hampshire Ball Bearings, Inc., Peter- 


borough, N. H 

United Gasket Co, Plastics Div 
f The Garlock Packing Co., Camden 1, 
N. J 


States 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Co., 326 E. Hoover 


Ann Arbor, Mich 

New Departure Div. of General Motors 
Corp Bristol, Conn 

Nice Ball Bearing Co., 30th & Hunting 


Park Ave., Philadelphia 40, Pa 
SKF Industries, Inc., Philadelphia 32, Pa 


BEARINGS and BUSHINGS 
LUBRICANT-RETAINING 


Amplex Div Chrysler Corp., Detroit 31 
M 

Ra Cores, Inc 9540 Tulley Ave., Oak 
Lawn, I 

Unit States Graphite Co., 1621 Holland 
s w 8, Mict 

BEARINGS and BUSHINGS, METAL 
Brass, Bronze, Steel, ete.) 

American Crucible Products Co., 1865 
Oberlin Ave., Lorain, Ohio 

Amplex Div Chrysier Corp Detroit 

M 

Chase Br & Copper Co., Sub. of Ker 
necott Copper Corp Waterbury 20, Conr 

Mallory & Co., I P. R., Indianapolis 

United States Graphite Co., 1621 Holland 


Sag aw 8, Mict 


BEARINGS and BUSHINGS 
NON-METALLIC 


General Electric ¢ Plastics Dept., D 
c J 
N mal Cart ( I AD of T 
Cart Cor E. 42r New York 
WY 
a \ i Fibre ¢ Wilming 
Radio Cor I 0 T Ave., O 
I 
rdson ¢ Lake, Melrose I 
& 8 I J I ( 
“0. | 
~ r i I T 
\ g 7 P 
4 
BELLS 
Ss ‘ f 
) ‘ 
W ~ 
BELT DRIVES 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc.. Joseph T 
80, Ill 


Chicago 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


Mallory & Co., Inc P. R., Indianapolis 


6, Ind 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc Riverside, N. J 

BIMETALS. See Thermosta Bimeta 

BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches 

BLADES, FAN 

Torrington Manufacturing Co., Torringtor 


Conr 


BLOCKS, PILLOW 








SKF Industries, Inc Philadelphia 32, Pa 
BLOCKS, TERMINAL. See Strips, Biocks 
and Boards, Terminal 
BLOWERS. See Fans and Blowers 
BOLTS See Fasteners 
BOXES, METAL. See Sheet Metal Fabri 
cators 
BRAKES, BENDING. See Benders, Brake 
and Shears 
BRAKES, MAGNETIC 
Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 
Baton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, W 
Stearns Electric Gorp., 120 N. Broadway 
Milwaukee 2, Wi 
Warner Electri Brake & Clutch Co 
Dept. EM, Beloit, Wis 
BRASS, BRONZE and COPPER (Ali 
Commercial Forms). For Wire, see Wire 
and Cable, Bare 
American Brass Company, Waterbury 20 
Conr (Also Tobin Bronze, Chromiun 
Copper and Selenium Copper Alloys 
Chase Brass & Copper Co., sub. of Ker 
necott Copper Corp., Waterbury Conr 
Driver Co Wilbur B 1875 McCarter 
Highway, Newark 4, N. J 
Hussey & Co. C. G Pittsburgh 19, Pa 
' p Dent. 5 ' 
nnat Ohio (Copper Tub 
s, Ime 230 Park 
‘ 
110 Baldwin Ave 
Strix 
BRAZING ALLOYS, SILVER 
American Platinum Work 1 New Jersey 
Railroa A Newark N. J 
Baker & Co Ir 11 Astor, Newark 5 
ct Brass & © ) Sub. of Ker 
Copper ¢ sterbury 20. Conr 
G ral Plate D eta and Controls 
H & Harma s I New York 
ee 
Ma & I ae I anay . 
Ney ¢ M P.O. Box Hartf 
‘ 
BRONZE. 8 Brass, Br ¢ a4 ( 
Br 
BRUSH CAPS 
M Mold & Mf ( G 
| ric Mfc. ( 9 w. I 
BRUSHES: CARBON. GRAPHITE, 
METAL-GRAPHITE 
( .. t 
‘ r \ew 





United States Graphite Co., 1621 Holland 
Saginaw 8, Mich 
Westinghouse Electri 
ter, Bldg. No. 3. 4 


burg Pa 





yateway Cen 
Ave., Pitts 


Corp 
1 Liberty 





Wilson Co., H. A., “toute 22, Union, N. J 
BRUSH HOLDERS. See Holders 
(ome jtator Br st 
BUSHINGS 
Bearings. See Bearings and Bushings 
Composition. See Pla Mold 
Fibre. See Fibre, Vulcanized 
Glass. See Gia Technica 
Hermetic Seals. See Seals and Term 
inals Hert 
Mica, See Mica 
Porcelain. See Ceramics 
Rubber. See Rubber and Rubber Prod 
ucts 


CABINETS, SHEET METAL 
Meta! Fabricators 


See Sheet 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 


See Harnesses and Assemblies, Wire 








CAMBRIC, VARNISHED. See Fabrics 
Insulating 

CAPACITORS 

AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa 

Aerovox Corp., New Bedford, Mass 

Allen-Bradley Co., 1316 8. Second, M 
waukee 4, Wis 

Centralab Div f Globe-Unior Ir 
914 E. Keefe Ave.. Milwaukee 1. Wis 

Corneli-Dubilier Electric Corp South 


Plainfield, N. J 
Corning Glass Works 
Div., Corning, N. Y 


Technical Products 
Metallized Glass 





Eitel-McCullough, Inc., San Bruno, Calif 
Erie Resistor Corp., Electronics Div., Erie 
Pa 
Fanstee! Metallurgical Corp North Chi 
ago, Il Tantalus 
p Flectric ¢ Apparatus Sales Div 





Schenectady 5, N.Y 
Jennings Radio Manufacturing Cort 















McLaughlin Ave., P.O. Boz 1278. Sar 
Jose 8, Cal 

Johnson F 2331 Second Ave 
S. W., Waseca. Minr 

Mallory & Co., Im P. R., Indianapolis 
6, Ind 

Radio Condenser Co., Davis & Copewood 
Camden 3, N. J 

Sangamo Electr Cc Electronic Compo 
nents D s ngtield. I 

Sprague Electric Co., 307 Marshall, N 
Adams, Ma 

Stackpole Carbon Co St. Marys. Pa 

Texas Instruments Incorporated, 6¢ Lem 


mon Ave., Dallas 9, Texas 


CAPS and PLUGS, PROTECTIVE 








Protecti Closures Co Ie CaPilugs 
Div 201-3 Elmwood Ave, Buta 2 
m..% 

CARBON and GRAPHITE (Contacts 
Electrodes Anodes Bearings Dises 
Piles, Plates, Plungers, Rings, Seals 
ote.) 

Erie Resistor Corr Electronics Div Erie 
Pa 

General Ceramics Cort Keasbey, N. J 

Speer Cart« (o St. Marys, Pa 

Stackpole Carbon ¢ St. Marys. Pa 

United States Graphite 
Holland, Saginaw, Mich 

CASTINGS. ALUMINUM and 
MAGNESIUM. See Castings 

4 ‘ America 
Bidg Pittsburet I’ 

Twin ¢ ‘ rd & Ta 
Ave, 8S Mir 





CASTINGS, BRASS, BRONZE. COPPER 


P adeis a Bronze & Brass Cor 8 
f P. R. Mallory & ¢ Ir 2 ¥ and 
Master, P adelphia 21, Pa 4 

CASTINGS, DIE 

4 ( ’ . 

B I r Pa 

Doehler-Jarvis D f National Lead ¢ 
1 1, Ohio 

Gries Reproducer C 19 BB K 
Ave New R y Y Z 

H er (x D ‘ g D Nor 
Canton, Ohio 

Madison-Kipp Cor i Wa Ma 
by “i 

Merk h Y Gear ( N. M a 
cr ag I 

New ler ‘ Fr 
York » N y 7 ) i \ 

Stewart Die ( A 1 fs 
Warner ¢ \ r 4 
‘ I 

I ‘ Die Ca ( X 
Ave s k M M 

CASTINGS INVESTMENT 

4 ‘ r ’ i \\ , 
New ¥ 5 N i A 

CASTINGS. LEAD 

CASTINGS. STEEL 


LECTRIK 


[LANUFAC 





Forty stranded tinned cop- 
per conductors. Color- 
coded viny! plastic imsu- 
lation, individuatty 
Pao mee ee a) 
groups, five groups of six 
conductors, and two ‘ 
page 
cabled; overatt vinyl 
rato 


Four stranded tinned cop- 
per conductors, Pat Dd ae 


Mea Se oe eee le coded vinyl! plastic imsu- 

” ee ae 

. = . . Oe a eee 
Phatene tilted. Overall 


shield, overai® vinyt 
a oe 


Se 
og 


| , Ten stranded tinned -cop- 
5 per conductors, color- 

° coded viny! plastic imsu 

Pe ae 

. Pee oe 


wa oe 


Eleven stranded tinned 

Ce Me ee le 

OO agen —— coded viny! plastic insu- 
- —_ ; lation; three conductors 

a Shielded; conductors ca- 


| 
S - y bied, jute filled, cotton 
ae —— served; overall shicid. 


Twenty-two stranded 
PU meee ae 
color-coded vinyl! plastic 
insulation; conductors 
cabled; overall viny!t 
ra te 


ae Pe elie ts Bas) 
CM ae 
coded viny! plastic insu- 


= lation; five conductors in- 
’ dividualily shieided; 
SS a 
conductors cabled, jute 
filled, cotton served; over- 
oon eerie atte eeieentieahcetiieamntaeeieiaeaneee os enleeeneneneiciiaenteneneniaemeniemeadel 


PTUs e ra toe 


No exceptions to the rule of quality are permitted to exist 
at Phalo. 


Your cable or wire specifications are delivered with every 


qualification required .. . and you get that extra degree of 


custom quality that makes the difference in performance! 


Ask for the complete 
dite Molto ele | 


There Are Experienced Phalo Representatives 
In The Following Cities: — 


CLEVELAND SAN FRANCISCO LOS ANGELES 


CHICAGO PHILADELPHIA NATICK, MASS. 
DENVER PHOENIX ROCHESTER PHALO PRODUCTS 


MANHASSET, N. Y. DETROIT ST. PAUL TST 


HOUSTON MONTREAL Insulated wire and cable, 


cord and cord set assemblies, 
PLASTICS CORPORATION custom plugs, tubing, 
a COMMERCIAL G FOSTER STREETS oe PR 
WORCESTER, MASSACHUSETTS wiring harnesses, etc. 


Circle 299 on page 17 














and 
built-in 
resistor 
for Neon lamp 


...@ patented 
DIALCO feature 


...two of many special features obtainable in 


PILOT LIGHTS 


The DIALCO series of Pilot Lights, exemplified by the 
unit shown above, is designed to house the NE-51 Neon 
Glow Lamp, and for direct use on 125 volt to 250 volt 
circuits. Since Neon lamps require a current limiting 
(ballast) resistor, the necessary resistor is 

“built-in’’— an integral part of the lamp socket. 

The resistor itself is completely insulated 

in moulded bakelite and sealed in metal (U.S. Pat. 

No. 2,421,321) ...Small space is required—units are 
available for mounting in 9/16” or 11/16” clearance holes. 


A wide choice of optional features includes metal finishes, 
terminal types, lens shapes and colors, etc. Meet Military 
(MIL Spec) and Civilian (UL and CSA) requirements. 


All Assemblies Are Available Complete with Lamp. 





ee — — ALSO eR ee ee ee 


SUB-MINIATURE | OIL-TIGHT 


Pilot Lights | indicator Lights 
For use with tiny | For heavy-duty industrial applications. 
Incandescent bulbs | Impervious to 
(T-1% . . . Many | oil, water, and 
units available for use | dust. Rugged— 
with sub-miniature Neon bulbs ! withstands 
/(NE-2D). Two-Terminal units are | shock and vibra- 
| 
| 
| 






fully insulated. Single-Terminal | tion. Complete 
units are for use on grounded , series for 11/16”, 1”, 
circuits. Also Dimming and Non- * and 1-3/16” mounting. Use 
Dimming sub-miniatures. Meet all | incandescent lamps and — with 
applicable Military Specifications. 


SAMPLES ON REQUEST — AT ONCE—NO CHARGE 


Foremost Manufacturer of Pilot Lights 


DIALIGHT 


CORPORATION 





44 STEWART AVE., BROOKLYN 37,N. Y. @ HYacinth 7-7600 


DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N.Y 





for NE-51 Sub- Miniatures 
Pil h nee 
Send brochures on Pilot Lights Neon lamp  (() Oil-Tight 
| Name Position 
| Company 


| 
Address 
a 
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patented built-in resistor— Neon lamps. 


CATHODE RAY TUBES. See Tubes. 
Cathode Ray. 


CEMENT. INSULATING and SEALING 

Bakelite Co., Div, of Union Carbide Corp., 
30 E. 42nd, New York 17, N. ¥ 

du Pont de Nemours a tu.. clas, FE. Lb, 
Plastics Div... Volychemicals Dept.. Wil- 
mington YS Del 

Duret Plastics Div Nooker Electrachem!- 

cal gee 1301 Walck Rd., N. Tonawanda, 


N 

General Electr Co... W'lastics Dept... 
Decatur, Ill 

Johns-Manville. Dutch rand  [roducts 


7800 Wocdlawn Ave Chicage 19 Lil 
Sauereisen Cements Co. Witishurch 15. Pa. 
Zophar Mills, Inc., 112-130 26th, Breok- 

lyn 32. N. ¥ 


CERAMICS 

Standard & Special Electrical 
Porcelain (low-solt) (A) 

Refractory Porcelain (Th) 
High-voltage lorcelain (Cc) 
Cordierite (1) 
Zireon Porcelain (KF) 
Steatite (Lava) (F) 
Titanates (G) 
Cement- Asbestos ait) 
Ferrites iw 

Akron Porrelain Co 2725 Cory Ave.. 
Akron 14. Ohio (AB) 

Alcor Manufa turing (o.. 4444 W. Roose- 
velt Kd. Chicago 2) Il Al 

American Lava Corp. Chattanvoge 5, Tenn. 
(CDEFG) 


Centralab. Div. of Gilte Union, Inc.. 914 
E. Keefe Ave. Milwaukee | Wis. (EF) 

Ceramic Specialties (so. 414 W. 6th. East 
Liverpool. Ohio (ANCE: 

General Ceramics Corp... Keasbey, N. J 
(BEFI 

Knox Porcelain Corp.. Knoxville 1, Tenn 
(ABC) 

Mycalex Corp. of America Clifton Bird... 

Clifton, N. J. (Glass Bonded Mica 

New Jersey Porcelain Co New York Are 


& Plum. Trenton 5, N. J. (ABE) 
Pass & Seymour In Solvay Miation 
Syracuse 9 NY (AF 

Porcelain Products, Inc., 225 No. Patter- 
ton, Corey, Ohio 

Richardson ¢ zivy Lake, Melrose Park 
ml i 

Rostone Corp., 2405 8 Concord Rd... Lafa- 
yette, Ir 

Square D Co., 6060 Kivard. Detroit 11, 
Mich 

Stackpole Carbon Co. St. Marys. Pa (1) 
Star Porcelain C« 34 Muirhead Ave., 





Trenton ¥. N. J 
Universal Clay I Co, 1540 E 
First, Sandusky ’ 
Wisconsin Porrelaln ¢o.. 122 Lincoln, Sun 
Prairie, Wis. (ABF) 





CHAMBERS. TEST 
Blue M Electric Co 
BR Isla 1! 
Internationa! Radiant Corp., 111 New York 

Ave Westbury ee _ 


138th and Chatham 


CHARGERS, BATTERY 


Ther Electric & Machine Works, LIA 8. 
Jefferson, Chicagy 6 Ii 


CHARGERS, MAGNET. See Magnetizers 


and Demagnetizers 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co., 1258 Clybourn Are., Chi- 
cago 10. Ill 


CIRCUIT BREAKERS 


Allen-Bradley Co 316 8S. Second. Mil- 
waukee 4, Wis 

Allis-Chalmers 

Crouse-Hinds Co. 

Cutler-Hammer. In 
Milwaukee 1. Wis 

E-T-A Products Co of America, 5085 N 
Elston Ave.. Chirago 34, Til 

Fasco Industries. Inv. Riuehester 2. N. ¥ 

Genera) Electric Co.. Apparatus Sales Div., 
Schenectady 5. N. ¥ 

Heinemann Electric Co.. 94 I*tum, Tren- 
ton 2. N. J 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 5, Ill 

Spencer Thermostat 1!) 
trole Corp 3601 Forest 

Square D Co., 401] N 
kee 12, Wis 

Westinghouse Electric Corp 
ter Bidg. No. 3, 41 
Pittsburgh 22, Ia 


Milwaukee 1, Wis 
Syra use 1, N. ¥ 
1264 Bt. Paul Ave., 


Meals & Con- 
Attleboro, Mass 
Kichards, Milwau- 


Qateway Cen- 
Liberty Are., 


CIRCUIT STRUCTURES. ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED. PRINTED. ETC. 


Aerovox Corp., New Bedford, Mase. 

American Lava Corp.. Chattanooga 5, Tenn 

Centralab. Div. of Globe-Union, Inc., 914 
E. Keefe Ave.. Milwuskee 1, Wis 

Croname, Inc., 1769 Grace, Chicago 13, 
1 


Daven Co., 536 W Mt. Pleasant Ave., 
Route 10, Livingston, N. J 

a5 Resistor Corp., Electronics Div., Erie, 
"a 

Methode Mfg. Corp 
Chicago 31 

Mycalex Corp 
Clifton. N. J 

Photocircuits Corp., Glen Cove 

RCA Electron Tube Lay 
America, Harrison, N. J 

Sprague Electric Co.. 307 Marshall, North 
Adams, Mass 

United States Gasket Co., Plastics Div. eof 
The Garlock Packing Co., Canorden 1 


, 7447 W. Wileon Ave... 
of America, Clifton Blvd., 


N. ¥ 
Kadio Corp. of 


CLAMPS and CLIPS. GROUND ane 


TEST 

Burndy Corp Vnaln Div, Norwalk, 
Conn 

Ilsco Corp., Dept t 70 Madisen Rd, 
Cincittuallh 2 o 

Sherman Manufaciuring Co, H. B., Battle 
Creek, Mic! 

Thomas & Betts Co.. Ine., 28 Butler, 


Elizabeth 1, NJ 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, In i} Kim, Bycs 
more, Hil 
Weckesser Co.. 5256 N. Avondale Ave., 


Chicago 30, II! 


CLEANING COMPOUNDS 


Zophar Millis. lve li2-idu 
lyn 32, N. ¥ 


METAL 
26h, Brook- 


CLIPS, SNAP. See Kings 


Snap 


Ketalner and 


CLOTH, INSULATING 
sulating 


See Fabrics, Ia- 


CLOTH TRACING. See Tracing Cloth 
Film and l'ap 


CLUTCHES, ELECTRIC 


Carlyle Johnson Ma e Co... Manchester. 
Conn 

Cutler-Hammer. I: “i St Peul Ave., 
Milwaukee 1. WW 


Eaton Mfx. ‘to lbynamatic Div., 330? 
Fourteenth Ave . Kenosha, Wh 

Radio Condenser (+ lhavis & Copewood, 
Camden 3 N ! 

Stearns Electric Corp iz0 N. Broadway. 


Miiwaukee 2 \S 

Vickers Electric 1 Vickers, Ine., 1808 
Locust, St. lau M 

Warner Elects! rake & Ciluteh Co 
Dept. EM. It Wis 

CLUTCHES, MECHANICAL 

Curtiss-Wrix ur Marquette Div.. 


1145 Galewom! fir. Cleveland 10, Ohle 


COAXIAL CABLE 


Insulate 


See Wire and Cable 


COIL CORES and FORMS 
American Lava Corp. Chattanaogs 5, Tena 


Cambridge Ther ‘ i Conceré 
Ave., Cambri-ise % Mase 

Cleveland Container (o, 201 Barbertes 
Ave., Cleve Whin 

Continental-Diam nd Fibre, A Mub. of The 
Budd Ce Newark ir 

Cosmo T'lastirs ¢ ae With, Cleve- 

mi * 0 

Ferraxcube Corp f Americsn, 3 &. 
Bridge, Sauger . ’ 

Gries Reproduc: Cor |i” Keerhwood 


Ave New Roche , 
Mycalez Corp. «f America 
Clifton, N J 


Cliften Bled, 








Vuleanized Fibre Co., Wilming- 
Im 
Paramount Vaper Tube (e., 612 Lafay- 
ette, Fort Wa Ind 
Precision Paper Tule €o 2035 W. 
Charleston. Chicas i oth 
Radio Cores, In io Tulley Ave., Ot 
Lawn. Til 
Stackpole Caren Co. St Marys, Pa 
Screw-type. M e I 


United States Ga-ker ¢ Miastica Div. @ 
The Garlock aking Co., Camden 1. 
N. J 


COILS and WINDINGS 

Acme Wire ¢ ” lbixwell Ave.. New 
Haven 14. ¢ 

Anderson Controls 1 
Rd.. Des Mlaines | 

Audio Devel t to 2534 13th Ave 


Mannhetaj 








South. M pe 7 Minn 
Caledonia Electronics & Transformer Corp.. 
Dept. EM-! fa'edonia NOT 
Cambridge Ther rr 153 Concord 
Ave., Cambridge 2% ‘Moe 


Comar Flectric (a, 32319 Addisen, Chi- 
cago 18, I 
Corning Glase Works Technical Products 


Div.. Corning ‘N. ¥ (tj!ass Inductance) 


Coto-Coll Co In f Vavillon Are. 
Providenre 5. RT 

Cutler-Hammer. tre 41 St. Paul Ave 
Milwaukee 1. Wie 

Dano Electric Co Main. Winsted. 


Conn 

Deluxe Coils. In 1300 Firet, Wabash 
Ind 

Dormeyer Industries. 3124 Milwaukee Ave 
Chicago 41, I 

Federal Telephone ant Radh. Co, Div. @& 
International Telephone an! Telegraph 
Corp., 100 Kingslant Rl Clifton, NJ 

General Electric Co. Apparatus Sales Div 
Schenectady 5. NY 

Gries Reproducer Corn 11% Reechwood 
Ave.. New Rochelle WN ¥ 

Ilsco Corp., Dept. F 720 Madison Rd 
Cincinnat! 27. Ohio 

Nothelfer Winding lLalvratories, P. O 
Box 455. Dep 1! Tre-taon 3. N. J 

RCA Electron Tube Di Radio Corp. of 
America. Harrison N J 

Standard Flectrical trotucts Co., 2246 EB 
Third, Dayton 3 O' te 

Ther Electric & Machine 8 

Jefferson, Chicago 6. II! 


Works, 114 


COIL WINDING MACHINES 


Boesch Manufacturing ¢ inc., Danbury 
Conr 

Coil Winding Equipment Co., Oyster Bay 
NY 


Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd Fort Wayne, Ind 
Rex Rheostat ¢ Baldwin, L. L, N.Y 


FLECTRICAL MANUFACTURING 





MORE THAN 

50,000 

DIFFERENT SPECS 
HAVE BEEN FILLED 

BY THESE 6 HOWARD 
UNIVERSAL AND D.C. 
FRACTIONAL H.P. MOTORS 


These 6 Howard motors account for over 

50,000 specifications, both military and com- GEAR REDUCTION UNITS 
mercial. One reason for this wide use is 
Howard's ability to produce variations ex- 
actly suited to specific needs. = rine 


min. | max 
Howard motors have such field-proven en- } 


gineering features as automatic slot cell inser- | 

tion, which practically eliminates “grounds;” 11A ‘A | 2700:1 
Zanderoll processed double dipped and dou- 

ble baked armatures providing deep, uniform Imperial | 3:1 | 2700:2 
varnish penetration for high bond strength 

and rock-hard coils minimizing “shorts and 10 a1 «(| zee 
opens;” improved brushholder construction ‘ 

for accurate alignment and longer life; 2- 

stage, 3-plane dynamic balancing; and auto- = 52 3:1 2700:1 
matic winding for tough compact coils, giving 

uniform performance. 700 21.5:1 | 2600: 


If you are currently using universal and 
D.C. motors from 1/200th to % H.P., check 1100 3:1 27003 
with Howard today. 


ELECTRICAL SPECIFICATIONS 


MODEL IIA ; MODEL 100 MODEL 512 


| 
SERIES | SHUNT SERIES SKUNT , SERIES SHUNT 
MOTOR MOTOR MOTOR MOTOR MOTOR MOTOR 
i 


1/13 1/13 


1.6 at 24V 


12-120 


cw, CCW, | CW. CCW, 
REV. REV. 


13 

35 

0 2 

5 35 a 
5 45 

. 6-32 


Maximum H.P. ratings are shown. Variations are available for less power to meet application requirements 


, UNIVERSAL & D.C. 1/200 to 1/2 h.p. - SHADED POLE 1/2000 to 1/8 hp. 
Other Howard motors: { inouction 1/1400 to 1/8 h.p. - SERVO MOTORS - GEAR MOTORS + BLOWERS 
HOWARD INDUSTRIES, INC., 1720 STATE ST., RACINE, WIS., TELETYPE: RAC 344 
208 S. La Solle St., Chicago 4 
Sales Offices 9@2's La Brea Ave., Los Angeles 36 


om 4822, Empire State Bldg., New York] 


300 Brocdway, Camden, New Jersey 


DIVISIONS: (EMO eLectaic MOTOR CORPORATION © everonm MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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SIMPLEX 


WIRE anocurrers 


e Clean Cutting 


e Precision Stripping 
e Fast Working 
e Easy Operating 





e Low Cost e Rapid Setup 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOUTS 


1136 WEST HUBBARD STREET, CHICAGO 22, ILLINOIS 









Circle 302 on page 17 


FREE SELECTION CHART 


AGASTAT- ~~ 


seuection cwaet 


for 


AGASTAT 


time delay 
relays 





Now you can select exactly the right Agastat time delay 
relay for your particular timing need—in a hurry. This free 
selection chart lists data on every popular model in the 
Agastat line—the most complete line of pneumatic time 
delay relays in the industry. Theyre adjustable for timing 


trom 0.1 second to 10 or more minutes, unaffected by voltage 
variation, dustproof, light, and mountable in any position 


And there’s an Agastat model to precisely fit your require- 


ments, including two-step, electrical interlock and double 
head units. A glance at the free selection chart tells vou 


which model to order. 


Write for your free copy to Dept. A26-12] 


Elastic Stop Nut Corporation 
of America 
SESEEneeee 
1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 
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stevens Manufactur r Co In George 
icago $0, I 
P. O. Box 1605 








sal Winding 
jence 1, R, 


“a> 


COLD HEADED PARTS. See Fasteners 


COLLARS, SHAFT 


ax Meta 


Products Co., 863 
10th Cleveland iv, 


Ohio 


East 


COMMUTATORS 


Electro Te Corp South Hackensack 
‘ Corr $855 

Cleveland Ohio 

ng & Mfg. Co... Gurnee 96 

Nippert Electric Products Co., 1759 W 

i imbus 23, Ohio 

Commutator Co., South Chestnut, 


We ghouse Electric Corp 
Blidg No. 401 


irgh 22, Pa. 


Gateway Cer 
Liberty Ave., 


SAWS and SLOTTERS 


H h chee tries, Inc., 445 Elm, Syca 
Industries, Inc 1008 Park Ave., 
Sycamore I 
COMPARATORS, OPTICAL 
I h & Lomb Optical Co., 84717 &t 
4 R s 2 _ 2 
Opto-Metric Tools, Inc., 137EM Varick. 


New York 1 N. ¥ 


SEALING. See 


1 Sealir 


Cement 
&; also Waxes and 


COMPOUNDS 





COMPOUNDS, VARNISH 
Cor j 


pou and Res 


See Varnishes 
Insulating 


COMPUTER COMPONENTS 


a ax Products Co., Fort Lauderdsle 
Erie Electro-Mechanical Div Erie Resis 
r Cory Erie Pa 
Feder Telept Radio Co, Div. of 
Internat a I é Telegrapt 
‘ K 





CONDENSERS. See Capacitors 
CONDUIT FITTINGS 


4 et Electr Co 1723 Wellington 


Ave Chicag l Tl 
Buchana Electrical Products Corp., 225 
_ Re 22 Hillside, N. J 
‘ Hir ‘ Syracuse 1, N. Y 
eal-Simplet Fittings, Ir Sub. of Ideal 
I agi Ir 08 Park Ave., Syca 
I National Co 88 N. Kostner Ave 


CONNECTORS. PRINTED CIRCUIT 
Amphenol Electronics (x 
Ave., Chicago 54, I 
Methode Mfg. C« 7447 W 


Chicago ‘1, on 


D., 1830 8. 54th 


Wilson Ave.. 


CONNECTORS, WIRE and CABLE 






AMP Incorporated, 5284 Eisenhower Bivd., 
Harrisburg, Pa 

American Brass Cc Waterbury 20. Conr 

Amphe Electronics Corp., 1830 8. 54th 
Ave.. Chicago 54. I 

Bendix <A tion Corp., Scintilla Div., 
Sidney Y 

Buchana: Electrical Products, 225 
Rte. 22. Hillside, N. J 

Burndy Corp Omaton Div., Norwalk 
Conr 

Car l Electric Co Dept 500 3209 

Los Angeles 31, Calif 
nds Co Syracuse 1 N Y 





a Electric Co 
terials Div 

Holub Ind 
more, Ill 

Ideal Industr Inc., 1008-A Park Ave 
Sycamore lil 

I Cory Dept 
Rd Cincinnati 27 

Johns-Manville. Dutch Brand Products 
7800 Woodlawn Ave Chicago 19, Ill 

Johnson Co E. F. 2331 Second Ave, 
s. W Waseca, Minn 

Krueger & Hudepohl, 1043 Evans. Cin- 
nnati 4. Ohio 


Construction Ma- 
Bridgeport 2 Conn 
stries, Inc., 445 Elm, Syca 





F Ma 


Ohio. 





Pass & Seymour, Inc., Solvay Station 
yracuse N Y 
Pyle-National Cc 1388 N. Kostner Ave 
Chicago 5 ml 
Sherman Manufacturing Co., H B., 





B Creek Mict 
Swi raft, Inc., 1328 N. Halsted. Chi 
22, Mil. 
as & Betts Co Inc., 28 Butler 
Elizabeth 1 N 
CONTACTORS, MAGNETIC. See Re- 
ays and Contactors 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave Newark 5, N. J 

Baker & Co., Inc 113 Astor, Newark 5 
N. J 

Brainin Co... C 
Vernor ie ee: 

ger Metallurgical Corp., 

lo Ave., Skokie, Ml 
McCullough, In 

Fansteel Metall 
cago, Tl 





318 Washington, Mi 








8119 Monti 





San Bruno, Calif 
irgical Corp North Chi 











General Plate I Metals and ¢ 
\ I \ y M 
Gibson Elect ‘ Old W Penn High 
way, De ot Pa 
Mallory & ( Ir P. R., Indianapo 
; Box 990, Hartfor 
St. Marys Pa 
1 2 Judson L. Dept. D 
Wilson Co., H. A., Route 22, Union N. J 





CONTACTS, CARBON. See Carbon and 
Graphite 
CONTACTS, HEATER PLUG aad TAP 
Heyman Mfg. ¢ Kenilworth 1, N. J 
CONTOUR PROJECTORS 
I a | Optica Cc 
‘ K r N. ¥ 
Opto- Metri Tools Ir 37EM = Varick 
New York 13, N. ¥ 
CONTRACT MANUFACTURING 
& Copper Co., Sub of 
r Corp., Waterbury 20. ‘ 
769 Grace, Chicago 1 
Watch Co., Micronicr 
] a 
9 
{ 4 ‘ M * \ 
Stromberg -Car!sor A Div. of Goenera 
Dynamics Cort 434 N Goodma 
Rochester 2 N. ¥ 
CONTROLLERS, MOTOR 
Allen-Bradley Cx 1216 8 Second 


Milwaukee 1, Wis 
Allis-Chalmers, Milwaukee 1 Wis 
Arrow-Hart & Hegeman Electric Co 



















Hawtt Hartford 6 Conn 

Automatic Sw h Co., 50-M Hanover Ra 
Florha Park, N. J 

Clark ¢ ler Co 1146 E 152nd 
Clevela Onic 

Crouse-Hinds Co Syracuse 1 N ¥ 

Cutler-Hammer Ir 1264 St. Paul Are 
Milwaukee 1 Wis 

Dales ¢ Franklin, 180-14 EB. M 
Akro Ohio 

Electr I sects Laboratories Inc 4 
N. Ravenswood Ave.. Chicago 40 

Eseco Works Delta-Star Div H K 
Porter ¢ I Lockport, Tl 

Federal Pacific Electric Co 5@ Paris 
Newark 1, N. J 

Furnas Electric Co., 1024 McKee, Batavia 
I 

General Electric Apparatus Sale 
Div.. Set N 

Hart Manu Bartho wf 
Ave Conn 

Rervo Co. 1086 =Gom 
Rd Hawt ne, N. J 

Square D 4041 N. Richards, M 
waukee 1 Ww 

Vickers Electr Div.. Vickers Inc is 
Ls s Louls 3, Mo 


Ward Leonard Electrie Co., 84 Soutt 


CONTROLLERS, POTENTIOMETER 
Westor Electrica Instrument Corp 4 
sub, of Daystrom. Inc., 614 Frelingt 

ser Ave Newark 5, N. J 
Instruments Div., Barber-Colmar 
Rockford, Ml 


Wheelk 
Co 14¢ Rock 


CONTROLS. FLOAT and LIeuID 
LEVEL. See Switches 


CONTROLS, PRESSURE and TEMPER 





ATURE. See also Relays, Switcher 
Thermostats 

Allen-Bradley Co 1316 8. Second. M 
waukee 4 

Assemt Pr Ir “ M 
R Chesterland 14, Ot 

I ( Dept. X I 


3arber-Colmar 
Rockford, Dl eas 
Bourns Laboratories P.O Bor 2112 
Riverside, Calif 
Cutler-Hammer Inc 
Milwauk 1, Wis 


1264 St. Paul Ave 








Edison Industries, Thomas A Instru 
ment Div Mc-Graw- Edison Co 
West Orange N. J 


Fenwal Ir 11] Pleasant, Ashland, Ma 
G-V Controls. Ine & Hollywood Plaza 
Fast Orange, N J 
General Electric Co., 
Div Schenectady 5 
Hart Manufacturing Co 


Apparatus Sales 
See 4 


211 Bartholomew 











Ave Hartford 1, Conn # 
Mercoid Corp., 4201 Belmont Ave., chi 
ago 41, I : 
Robertshaw-Fulton Controls Co, Acr 
Div Columbus 16, Ohio 
Spencer Thermostat Div Metals & ¢ 
te Corr 2601 Forest, Attleboro, M 
Square D Co., 4041 N. Richards, Milwau 
kee 12 Wiles 
Weston Electrical Instrument Corp A 


sub. of D ystrom In 614 Frelinghuy 
sen Ave Newark 5, N. J = 
Barber-Colmar 







nts Div 








Wheelco Instrume 
Co., 146 Rock, Rockford l 
Wiegand . Edwin LL. 7530 Thomas 
Blvd Pittsburgh 8, Pa 
CONTROLS, REMOTE, See Push Button 
Stations Relays and Contactors 
Switct 


CONTROLS, SERVO. See Servomecha 


COPPER. See Brass, Bronze and Copper 
COPPER, BERYLLIUM. See Ber m 
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¢ 


Lamb 


1958 


‘PONY POWER” 
MOTORS 


that give stamina to your products 


Lamb Electric fractional horsepower motors, like the small 
horses of the famed western-pioneer-day Pony Express, are 
developed for stamina. 

Their dependability, and efficiency (optimum weight-size- 
horsepower ratio) are qualities that result from proper design 
and careful manufacture by personnel with many years of ex- 
perience in the small motor field. 


May we demonstrate how Lamb Electric Motors can bring these 
advantages—and also perhaps lower costs—to your products? 


THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 


A Division of American Machine and Metals, Inc 


In Canada: Lamb Electric — Division of Sangamo Company lLtd.—Leaside, Ontario 


Electric 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


3 Circle 304 on page 17 


MOTORS 











A rugged high-torque, 






a ad motor 
high-speed oro 





Motor with efficient 
spur gear speed reducer. 





Motor for 
high-speed grinder. 








If you are interesred 






¢ 


in any of the above 






motors write and we 






shali be glad to send 


full information 





Dress Up Your Products 
with these 


NEW 
KNOBS 


Designed by Robert Podall 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 N. Monticello * Skokie, Ill 
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CHANGES 


eet 
SPEEDS 


Available from *4 hp. to 4 hp., the Reliance V*S 
Jr. operates from single phase a-c. power. Any 
motor speed from 290 rpm. to 2300 rpm. may 
be accurately selected by turning a dial. 


Operator’s control station, located for conven- 
ience and efficiency, has start, stop, run, jog 
buttons and speed selector. 


Also available — dynamic braking, reversing. 


$76 200 List price — % hp. model, 220 or 440 v 
a-c. Includes control unit, operator's 
station and drive motor. 


RELIANCE 





* 
- 
DEPT. 271A. CLEVELAND 17, OHIO 
Sales Offices and Distributors in principal cities 
286 F Circle 306 on page 17 








LECTRIC AND 
ENGINEERING CO. 





CORD and TWINE, ARMATURE and 
CoIL 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd, Chicago 6, Ill 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenee- 
_tady 1, N. Y 

Varfiex Corp., 504 W. Court, Rome. N. Y. 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. 


CORD, INSULATED. See Wire and 
Cable, Insulated. 


CORD, RESISTANCE LINE. See Resist 
ance Line Cords 


CORD SETS 


Manufacturing Co., 4633 W. Van 
_ Buren, Chicago 44. Ill 
Circle F Mfg. Co., Trenton 4, N. J. 





Cornish Wire Co., Inc., 50 Church, New 
York 7, N. ¥ 

Cords Ltd. Dis Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

General Electric Co., Construction Mate 


rials Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & F 
ter, Worcester 8. Mass 

Royal Electric Cort Pawtucket, R. I 


We Electri Corp Gatewa 
Ce No. 3, 401 Liberty Ave 
P ) Pa 

Wire c 1799 Eastham Ave 
Fa nd 12, Ohio. 





CORES, POWDERED METAL. See Cores 


Transformer; Powdered Metal Produ 
CORES, REFRACTORY. See Ceramics 
CORES, TRANSFORMER 
American Lava’ Corp Chattanooga 
Engineering Co Mareng I 
eramics Corp Dept. ME, Keas 


N. J 
Steel Products Co., Valpara 





Magnetic Metals Co., Hayes Ave., at 
Camden 1. N. J 
Magnetics Ir Box 391 Butler Pa 





Radio 9540 Tulley Ave., Oab 
Sta Co St Marys Pa 
rT rT Ine., 1114 B. 2 
I 7 d 
tric Cory Gatews 
o ) 4 L Ave 
Pa 





CORK and CORK COMPOSITIONS 





Ar trong Cork ( 7011 Ingers I 
ter, Pa 
COUNTERS. See also Instruments, Ele 
rt Relays 
Berkeley Dir f Beckman Instruments 
I 2200 Wright Ave., R 
Calif 
R h Manufacturing Co.. Ir Da 
Bowmar Instrument Cort ' Pe 
a Ave.. Fort Wayne, I 
Eagle Signal Corp., 202 20th, Moline, I 
} Switcht r ar Supt ‘ 
Cicero Ave., Chicago 38, I 
| Inst ts. I f ¢ 
‘ Co g074 M k } 
s I 
r-Root, I Hartford 2, ¢ 


COUPLINGS, CLUTCH. See ¢ hes 


COUPLINGS. FLEXIBLE 


ix Meta Pr ts ¢ RE 
t ‘ . r or 
k mn Mfg ( Dynamatie Dir 3307 
yurt 4 Kenos Ww 
y Flexit ( g ¢ 4 \ 
Lake, Ct Zz I 


CRYSTAL DIODES. See Rectifiers Ser 
D des ; 
CRYSTALS, QUARTZ 


RCA Electronic Tube D Radio « 
f America, Harrison, N. J 


CYLINDERS. AIR 
‘ Specialties ¢ 4114 N. Knox Ave 
t E-47, Chicago 41 Il 


DELAY LINES. See Computer Comr 
vents 


DIAL LIGHT ASSEMBLIES. See Lights 


Pilot and Indica 


DIALS and PANELS 
7 Grace, Chicago 13 


Croname, Ine 


Div. of Beckman Instru 
Pro Box 458 Newport 


Corp 220 W Mair 
0 

( Sut of Minnesota 
ifacturing Co Schene 





DIE CASTINGS. See Castings, Die 
DIELECTRIC HEATING UNITS Bee 
Hig Frequency Heating Units 


DIE-SETTING TOOLS 
Wales-Strippit Co.. Akron. N. Y 


DIES, PRECISION, LAMINATION Ete 


Stein & Co Ine Wm. P., 424 B8t 
! Rochester N y 








Sylvania Electric Products Ine., 1740 
Broadway, New York 19, N. ¥ 
Twin City Die Casting Co., 33rd & 
Talmage Ave., 8. E., Minneapolis, Minn 


DIODES. See Rectifiers, Semiconductor 
Transistors and Crystal Diodes 


DRAFTING EQUIPMENT ane 
MATERIALS 

Keuffel & Esser Co.. Hoboken. N. J 

Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y 


DRAFTING REPRODUCTION 


MACHINES 


American Phot py Equipment Co 





W. Paterson Ave., Chicago 26, Iil 
Ozalid, A D f General Aniline & Filn 
Corp johnson City, N. ¥ 


ORIVES. BELT 
Allis-Chalmers Milwaukee 1 Wie 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives 

Eaton Mfg. Co., Dynamatie Div., 3307 
Fourteenth Ave Kenosha, Wis 

; Sales 





‘engineering Co., Dept 
Ohio 

of Electro- Devices 
Ave., Paterson 1. N. J 
tr Corr Gateway 
». 3, 401 Liberty Ave 


DUCTS. WIRING (Centrel Panel) 


Spa g Fibre Co Ine Tonawanda 
- e 
Stahlin Brothers Fibre Works, Ine.. Dep 
F Be ‘ Mict 
Taylor Electri I 15406 Dale. Detroit 
M 


DUPLICATING MACHINES, DIELESS 
See B ers Brake and Shears 


DYNAMOMETERS 


John, 8 CM, New 


Dynamatic Div 330° 
Kenosha, Wis 
Apparatus Sale 
N. ¥ 
Springfield. Ohio 
etric Corp Gatewas 
401 Liberty Ave 


ELECTRICAL SHEETS. See Steel, Ele 


a 


ELECTRONIC COMPONENTS. See spe 


ELECTRONIC TUBE COMPONENTS 
Bases. Caps, Lead-in Wires, Stamp 
ings, Welds, Ete.) 


Ame ‘ Lava Corp Chattanooga 5 

Bite let ugh. I San Bruno. Calif 

For K & Mica Corp 536-540 63rd 
Brook N Y 


ENAMELING SHEETS. See Steel. Com 
t al F ‘ 


and Grades 
ENAMELS see Lacquers Enameis 
Paint : \ shes Finishing 


EYELETS and GROMMETS 


Chase Brass & Copper Co, Sub. of Ker 
ne Coppe Corr Waterbury 20 
Co 

Fastex D f Illinios Tool Works, 195 
Alg juin Rd Des Plaines. I 

Goshe K er ¢ Ir FP. O. Box 517 
Goshe Ind 

Revere Copper and Brass. Ine 230 Part 
Ave., New York 17. N. ¥ 

Roth R r Co 1860 8. Séth Ave 
Chicas 0 I 

I'nite States Gasket Co Plastics Biv 


f The Garlock Packing Co., Camden 


FABRICS INSULATING (Sheets 
Tapes, Yarns, Thread, Cerd, Ete.) 


Glass Fiber, Varnished Cambric, Cottar 






Liner Silk Ast los ete Mer ale 
Tape and Sheeting Synthetic Resin 
Tubing and Sleeving, Braided Fabric 
Acme Wire Co 1225 Dixwell Arve., New 
Haver 4. Conr 
Bentley, Harris Mfg. Co 1200 Barclay 
Cons «ken 2, I’a 


Brand & ( I William, Willimantic 

Cont 

Continental-Diamond Fibre Co Newark 
l De 

Cottrell Paper Co., Inc., 88 Purchase, Fall 
River. Mass 

Electro-Teciinical Products Dir of Sur 
Chemical Corp Nutley 10, N. J 

General Electric Co Laminated Products 
Dept., Coshocton, Ohlo. 

Gudebrod Bros. Silk Co., Inc., 12 6 123th 
Philadelphia 7 l'a 

Hess, Goldsmith & Co Ine Horaee 
Linton Dir 1400 Broadway, New York 
i, we 

Insulation Manufacturers Corp 565 W 
Washington Bivad Ch go 6. Ti 
Irvington Div Minnesota Mining @& 
Manufacturing Co 9 Argyle Terrace 
Irvington 11, N. J 

Johns-Manville, Box 14, New York 16 
ae 
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CONVENTIONAL CELL VICKERS 
HIGH CURRENT CELL 


Same rating... but look at the difference in cell size! 


That’s why the cost is lower! 


The exclusive Vickers process combines improved 
. . . . . . Another fs L 2] example ) cost and space saving 
vacuum techniques with the Vickers inorganic barrier eee a = , » SR 
: a ; : with the new Vickers HIGH CURRENT Rectifier 
to produce a rectifier not only with higher ratings - 


D-C OUTPUT RATING 
at lower cost, but with the added advantages of Tyre OF Self-cooled 
‘ RECTI 


LONGER LIFE 

SAFETY AT HIGHER TEMPERATURES 
HIGHER OVERLOAD CAPACITY 
HIGHER EFFICIENCY 


FREE! Bulletin 3116-1 gives detaile 
yrmation on the new \ 


! ickers gh Currer 
: s 
Selenium Rectifier, including performance 
‘ 


Cell Ratings: 18, 22, 26, 30, 33 and 36 volts. 
data, rating tables and engir 
tion data. Write toda 

and prices. 


VICKERS INCORPORATED 


ELECTRIC PRODUCTS DIVISION‘: 


1803 LOCUST STREET +« SAINT LOUIS 3, MISSOURI 


JANUARY 195: Circle 307 on page 17 





a: 


SINGLE ROW DEEP GROOVE BALL BEARINGS SELF ALIGNING BALL BEARINGS DOUBLE ROW DEEP GROOVE BALL BEARINGS 


ANGULAR CONTACT BALL BEARINGS SPHERICAL ROLLER BEARINGS CYLINDER ROLLER BEARINGS 


TYSON TAPERED ROLLER BEARINGS BALL THRUST BEARINGS SPHERICAL ROLLER THRUST BEARINGS 


SY UNIT PILLOW BLOCKS FY’ FLANGED MOUNTINGS SAF SPLIT PILLOW BLOCKS 


W hich of these high qué ality. ball bearings, cylindrical. sphe rical and ta- 
anti-friction bearings will you need in 587 pered roller bearings in sizes ranging from 


No matter what the type or size, you'll save the largest to the smallest. For a new look at 
time every time by calling — be- the entire line, make a note to call the near- 


cause makes a complete selection of a distributor or sales office—soon. 


& ik. | EVERY TYPE— EVERY USE 
. ‘ / 
= = — 

=e = 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearing 


Reg. U.S. Pat Off 
SKF INDUSTRIES. INC... PHILADELPHIA 32. PA 
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¢. Dutch Brand Products 3 & Ward Bolt & Nu 
llawn Ave., Chicago 19, Il ’or ster, N. ¥ 
r Co Sut f Minnesota r f Illinois Tool Works 
Manufacturing Co., Sche- Charles Ra Elgin, Ill 
N. ¥ Bremer & Ce Sub. Americar 
ing & Mfg. Co., Electrical achine & Foundry ©o., 520 N. Dear 
Fauquier Ave., St m Chicago 10, Il 
® Carr Fastener Corp Cambridge 
Randolph Ave., Wood », Mass 


shing Co., Elec Recessed Head Screws 


Tt - - 
lor pt, Woodbridge. peace & Copper ( Sub. of Kenne 
erglas Corp.. 598 Ma pper Cort Waterbury 20, Conr a new - pe ” apping 
ee Yontinents Sere Ne Bedford 
ew York 22. N. ¥ iner " ! ” —— 


D eae ea ree ae Eleo Too Screw Corp Rockford, Til 
‘or 4 W. Court, Rome, N.Y H. M $204 Lehigh Ave 


Ce eee eis ei om own asigned to Aircraft Standards 


Machine Co., Milford 


- tiona ock Rockford, Ill 
FANS and BLOWERS olen General Americar 
Diet . r blect ' Transs tion Corp., Entin Rd., Clif 


Ward Bolt and Nut 
NWN. ¥ 
inois Tool Works 
} 


‘Co., Jenkintown 9 
Erie, Chicago 


American 
N. Dear 


FASTENERS (Bolts and Nuts: Lock and 
Snap Assemblies Pins Pre-assembled 
Washers and Serews Recessed Head 
Screws Rivets Screws Washers.) 


M Alcoa 
l Pa 
per Co., Sub. of Kenne 
Waterbury 20, Conn 
tivet achine (Cx 9609 W 
Bolts and Nuts sieees aan on wal 
M I ; ntinent r o., New Bedford 
king |S nger Metallurg! orp., 8119 Monti 
Works, 195 
Th 
Beechwood 


Box 2225, West 


27 Chureh Acting on th request of many industrial design 
Machine Co., Milford engineers for a TAP-LOK INSERT that meets 
& Ward Bolt and Nut aircraft stan ds, we now offer the H-Series IN- 
. Pe a Erie, Chicago SERT. Design features are: 
sun L.. Dat D 1. Three holes in pilot provide bal- 
anced thread-cutting action. 
Serews—Cap and Set, Machine (H); Self 2. Truncated external thread roots 


nage sleet allow 20% more wall thickness with 
Allen Manufacturir , 133 § 


Hartfor nu. eg 9901- A proportionately greater insert 
tst strength. 

Waterbury 20, Conn Internal threads supplied full length 

( New Bedford of insert to Class 2B or 3B specifi- 


$204 Lehigh Ave cations as required. 


oor Sub. of Kenne 


J 
P.O. Box 2225, West The new insert works on the same principle as 
N. ¥. (HJ - - IN: - 
Corn. 12% Church the regular slotted TAP-LOK INSERT. It is driven 
& N v - 
ai ae fia - SN into the hole with the standard TAP-LOK INSERT 


St i ae deal DRIVER. Adequate chip flow is provided while 
OH . a 7 : the insert cuts its thread into the base material. 
nena Ameren The H-Series TAP-LOK INSERT 
ee ; is furnished in three standard 
gy Bolt an , : lengths incase-hardened cadmium. 
turing Co., 112 ted steel, or stainless steel—for 
tr — Tool Works self-tapping into aluminum, mag- 
A ee eaienin a nesium and other structural ma- 
eta: Chicos terials. It accommodates standard 
: aia threaded fasteners without danger 
O. Box 6688 Mass. (HJ ot stripping and withstands vibra- 
tion without loosening. It has 
Cambridge Washers—Flat (K Loek and Spring (L = a oe Bea 
SI ee eet ae : , aximum pull-out strength limited 
ca stiddletown, Conn. a of Keane only by the nature of the base 
cott Copper Corp., Waterbury 20, Conn 
Lock end Snap Se ee ; a, a Screw Co., New Bedford 


hh i, Chi- A 


Co.. 3239 W. 14th, Cleve 
K 
Send now for our new 
folder, giving further 
information on the 
os , new H-Series TAP- 
— . Keyst ; & Nut Corp., 1! ir LOK INSERT. 
Waterbury ‘ we : KL 
40 Hermon 
na n, Palnut Co., Sub. of United-Carr Fastener 
any ) Glen Rd., Mountainside, N. J 


63 erie, { : . 
363 W. Erie, Chicago Surdsall & Ward Bolt and Nut 1128 Hendricks Causeway, Ridgefield, New Jersey 
ort Chester. N. Y i nie 

Div. of Titnels Tool Works, TWX: Cliffside 26 
Pre-Assembled Washers and Screws rles Rd., Elgin, Ml. (L) | IN CANADA: Metal and Wood Fastening Devices Co., Valois, M 
Continental Screw Co.. New Bedford. Mass g¢ Bolt Co., 363 W. Erte, Chicago, : . 
National Lock Co., Rockford, Ml 


ontreal 


Also manufacturers of Groov-Pins for positive locking press fit. 


Circle 309 on page 17 
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360° 
OF VITAL TUBING FACTS 


This sample card, showing actual samples of more than 
40 different sizes and grades of tubing and sieeving, is 
yours for the asking. Write today to us, or our distributor 


CORPORATION { Woodside 77, New York 


Circle 310 on page 17 


engineered to meet your 


irciul analysis af testin 


en i RAI 
motor r the job 


quality in 


Engineers 


al large varict 
and up to lg H.P. (higher 
motor con 


gear head 


motor building experience to work for you 


Send for the ‘RAE service 
help you supply the 
necessary for recommendations 
prices 


Rae MOTOR CORP. 


2009 Kewaunee St. # Racine, Wis. 


sheet 


t will data 


ond 


AC/DC Universal 

DC Shunt wound 

DC Series wound 

Gear Reduction Motors 
Governor Controlled Motors 


Motors for Rheostat Control 
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T ps Bremer 


FIBRE 


& Co., Sub 
Foundry Co 
(KL) 

Cambridge 42 


Americar 
Machine and 228 N. La 
Chicago 1, Ill 


arr Fastener Corry 


Salle 


Works 
hicago 2 


NOLIC 
stn 


ating asting and 


See P 


PHE 


(Board, Sheet 


FIBRE, VULCANIZED 
Rod, Tubirg 


POWDERED 


Detroit 


INISHES 


PRODUCT 
ng 


LUORESCENT 
Adapters 
tors, Control Units 


formers R 


Ballasts, Compensa 
Starters and Trans 
s see Resistors 


i 


Includes 


ae ‘ 444M > m 


WIRE MARKING 


REQUENCY METERS 


HOLDERS, MOUNTINGS and 


Madison Rd., 


Mfg. Cory 
W. Lake 
B., Bat 


Detroit 11 


LAMP AUXILIARIES 


FUSES 
Burndy Cort 


Copr 
Bussmann Mfg. Div 
7, Ms 


Omatm Div Norwalk 


McGraw- Edison Co 
( Appar & Salte 
N. I 
Pawtucket 

Corn 


4 


GAGES, TEMPERATURE, PRESSURE 


and VACUUM 
Edison Industries, Thomas A 
Div Mc-Graw-Ediso 
Orange we 
anisms In 
Brooklyn, Westbury 
Westor Electrica I 
Sut of Daystrom 
nhuyse Ave., Newark 
Wheelco Instruments Div 
Co 403 Rock, Rockford 


Servo 


Barber 


GALVANOMETERS. See 


GASKETS 


Oakton, Mortor 
ith Hackensack 


P.O. Box 


GEARMOTORS See 


GEARS and PINIONS 


GENERATORS 


GENERATORS. ELECTRONIC 


easant 


GERMANIUM 


10DES 


GLASS-BONDED MICA 


GLASS-FIBER 


YARNS CLOTHS ar 
TAPE ‘ 


See Fabr insulating 


GLASS, TECHNICAL 


race, Chiceg 


Main, Elkhart 


Inc Swissvale, Pa 
Glass Co 220 W. Main, La 
Ohio 


aster 


aster 


GOLD, ROLLED (Plate and Wire) 
American Platinum Works, 231 New Jersey 

Railroad Ave., Newark 5, N. J 
& Co., Ine., 113 Aste:, Newark 


Plate 


Metals Controls 


Mass 
New York 


Div 
For 


Harman 
¥ 


ELECTRICAL MANUFACTURIN( 





farpen ler 


Alloys for electronic, magnetic and electrical applications 


lhe Carpenter Steel Company, 115 W. Bern St., Reading, Pa. 
Export Dept.: The Carpenter Steel Co., Port Washington, N. Y —*‘carstEELCoO” 
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PUSH-BUTTON SWITCH @ 


UNIMAX 
Type 2MJK 


Provides ultra-fast 
repeat action — 
“typewriter touch” 


SWITCH 

SHOWN 

ACTUAL 
a Bis SIZE 

e Operate force — 2 02Z., approx. 

® Total Travel — '% inch. 

® Plunger keyed to prevent rotation 


® Two Unimax subminiature switches 
provide DOUBLE-POLE, 
DOUBLE-THROW action. 


® For 4-Pole, DOUBLE-THROW action 
specify Unimax type 4MJK, which is 
furnished also with operate force 
of two ounces, approx. 


® Electrical Rating —(cacli switch) 
5 amperes 125/250 volts a-c; 
242 amperes 30 volts d-c inductive; 
4 amperes 30 volts d-c resistive. 


TYPICAL UNIMAX \ 
SUBMINIATURE SWITCH TYPES: x 


USM gate 2H. 
et 





USMW 


USMB-1 
Unimax subminiature switches 
are available with other actuators 
For complete information on 
subminiature, and other 
Unimax snap acting 
switches, 
write today. 


UNIMAX SWITCH 


Division The W. L. Maxton Corporation 
IVES ROAD, WALLINGFORD, CONNECTICUT 
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Ney ©o., J. M., P. O. Box 990, Hartford 
1, Conn 


Wilson Co., H. A., Route 22, Union, N. J 


GRAPHITE. See Carbon and Graphite 


GREASE, BEARING 


Dow Corning Corp., Midland, Mich. (Sili- 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Lllinois Tool Works, 195 
Algonquin Rd Des Plaines, Lil 
Heyman Mfg. Co., Kenilworth 1, N. J 
Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill 
Walker Co., George 
sai N. J 
Weckesser Co,, 5711 Northwest Highway, 
Chicago 30, Ill 


118 Amsterdam Ave., 








GYROS 
Kearfott Co., Inc 1378 Main Ave., Clif- 
won, N. J 


HARDNESS TESTERS 
Opto- Metr Tools, Im 
New York, N. Y. 


137TEM Varick, 


HARNESSES and ASSEMBLIES, WIRE 


mphenol Electronics Corp., 1830 8S. 54th 

p., Chicago 50, IIL 

Belden Mfg. Co., 4633 W Van 
Chicago 44, Til 








Buren 







Brand & Co., Inc., William, Willimantic 
1, Conr 

Cornish Wire Co., 50 Church, New York 
a0 

Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22 l 

General Electric Co., Construction Mate 
rials Div Bridgeport 2. Conn 

Phalo Plastics Corp.. Commercial & Foster 
W er 8. Mass 

Switel t. Inc 1328 N. Halsted, Chi 
ag 1 

Wire Stripper Co.. 1729 Eastham Ave 


East Cleveland 12, Ohio 


HEADPHONES and HEADSETS 

\ Y } r Sa Cor Northlak 
I 

Stromberg-Carlson, A Div. of 
Dynamics Corp 117 
Rochester 3, N. ¥ 


General 
Carison Rd., 


HEATING ELEMENTS and UNITS 


Is. In 2777 Mannheim 

es, Ill 

i Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Driver Co Wilbur B 1875 McCarter 





Highway, Newark 4, N. J 
General clectri Co Apparatus Sales 
Div., Schenectady 5, N. Y 


Still-Man Manufacturing Corp., 429-33 E. 
64th, New York 56. N. ¥ 

Syntron Co., 490 Lexington Ave., 
City, Pa 

Vulean Electric Co 


Homer 


Danvers 2, Mass 





Watlow Electric Mfg. © 1362 Fergusor 
Ave St. Louis 14. Mo 

Westinghou Flectri Corr Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pitt irgh 30, Pa 

Wiegand (Co win L 7530 Thomas 
Bivd., Pittsburgh 8, Pa 


HEAT LIMITERS 
Bussmann Mfg. Div 
St. Louis 7, Mo 


McGraw-Edison Co 


HERMETIC SEALS. See Seals and Ter 


nals, Hermet 


HIGH-FREQUENCY HEATING UNITS 
4 Chalmer Milwaukee “ 
General Electric Co., Apparatus Sales Dis 


Radio Receptor Co In Semiconductor 
D> 4 Ww + Ave Brookly 
N. ¥ 

West f Electr Corp Gateway 
Center Bldg. N 3, 4 Libert A 
Pitt Pa 


HIGH NICKEL ALLOYS. See Nickel and 
2 A 


HOLDERS, COMMUTATOR BRUSH 
M est Molding & Mfg. Co., Gurnee 96 
Corp. of America, Clift Bivd 


) ‘ Giass-Bonded Mica 
Electric Mfg. Co., 4211 W. Lake 





IMMERSION HEATER UNITS. See Heat 
ing me i 1 nits 


g Elements a 


IMPACT EXTRUSIONS, ALUMINUM. 


Hunter-Dot A A Corp Dept 
EM er 





Calif 





IMPREGNATING COMPOUNDS. See Ce 
ment, Insulating and Sealing; Waxes and 
Compounds 


INDICATORS, HEAT. See Thermometers 


INDICATORS, SPEED. See Tachometers 


INDUCTION HEATING. 
quency Heating Units 


See High-Fre- 


INFRA-RED LAMPS. See Lamps, Incan 
jescent and Infra-red 


EO Ee wer ew Cow © Wwovewuw 





INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 
ero Cor Bedford, Mass 
, In 75 Wilson Millis 
Kd., Chesterland 14, Ohio 
Associated Researcl In 3794 Belmont, 


Chicago 18, Til 
Chatillon & Sons 
York 38, N. Y 


John, 85 Cliff, New 


Daven Co., 536 W. Mt 
Route 10, Livingston, N 

Electro Products Laboratories, Inc., 450% 
N. Ravenswood Ave., Chicago 40, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Helipot Corp Div 
ments, Inc 
Beach, Calif 

Industrial Instruments. Ine., 89 Commerce 
Rd., Cedar Grove, Essex County, N. J 

Industrial Test Equipment Co., 55 E. 11tr 
New York a 

Moseley Co., F. L., 400 N. Fair Oake 
Ave Pasadena. Calif 


Pleasant Ave 


of Beckman Instru 
Box 458, Newport 








National Pneumatic Ce., Inc., Holtser 
Cabot D 25 Amory, Boston 19 
Mas 

Precision Apparatus Co., Inc., 70-81 84th, 
Glendale 27, L. I N. ¥ 


Radio Corp. of America, Dept. 0-44, Bidg 
15-1, Camden, N. J 

Sensitive Research Instrument Corp 210 
Main, New Rochelle, N. ¥ 

Simpson Electric Co 5200 W 
Chicago 44, Til 

Texas Instrument ywrated, 6000 Lem 
mon Ave I +, Texas 

Triplett Electrical Instrument Co., Bluff 
ton, Ohio 

Westinghouse Electric Corp Gateway 
Center Bldg. No. 8, 401 Liberty Ave., 
Pittsbur , 





Kinzie 








- Pa 


Weston Electrical Instrument Corp., A sub 
of Daystron Ir 614 Frelinghuyses 
Ave Newark 5, N. J 

Wheelco Instrur Div Barber-Colman 


Co., 1403 Rock, Rockford, Nl 


INSTRUMENTS, ELECTRONIC. See alse 
Oscilloscopes; Reeorders, Oscillographic 
Recorders, Magnetic 


Berkeley Div f Beckman Instruments, 


In 2200 Wright Ave., Richmond 8 
Calif 

Burroughs Cory Electronic Instruments 
Dis Dept. F, 1209 Vine, Philadelphis 
7. Pa 

D & R Lid... 4046 E. Gutierrez, P. O. Bos 


1500, Santa Barbara 
Daven ( aw Mt 


Calif 
Pleasant Ave 
J 








Route ngston, N. J 
Federa eph nd Radio Co., Div. of 
International Telephone and Telegraph 





Corp., 100 Kingsland Rd., Clifton, N. J 
Genera! Electric Co Apparatus Sales Div.. 
Schenectady % N 
Industrial Test Equipment Co., 55 E. 11th 
New York 3. N. ¥ 





Librascope, Inc 808 Western Ave., Glen 
dale 1, Ca 

Magneti Amplifiers, Inc 632 Tinton 
Ave.. New York N. ¥ 

Radio Corp. of ca, Dept. 0-44, Bidg 
15-1, Camd 

Sanborn Co al Div 175 Wyman 
Wa a 1 8 

Simpson Electr Cy 5200 W. Kinzie 
Chicago 44, 1 

Triplett Electrical Instrument Co., Bluff 
ton, O 

Union 8 & S&S al D Westinghouse 
Air Brake ¢ Pr g 18, Pa 

Weetor Electr 1 Instrument Corp A 
sub. of Da m, I 614 Frelinghuy 
sen Ave., Newark 5, N. J 


INSTRUMENTS, LABORATORY 
STANDARD 
Chat & Ss J 85 Cliff, New 


»lucts Laberatories, Inc 4561 
Nswoo Ave Chicago 40, Til 





( Apparatus Sales 
nectady 5 N Y 
FE. L 409 N. Fair Oakes 
Ais Calif 
€ Laboratories, hx Boon 
J 
Instrument Corp New 
Y 
al Instrument Co., Bluff 
Electr Corp Gateway 
B N 4 Liberty Ave 
Pa 
Instrument Corp A 
D I 614 Frelinghuy- 
4 Newa N. J 
Whe I dD Barber-Colman 


INSULATING MATERIALS. See follow 


adings 







nd Sealing 


n 


Plast 
Rubber ar 
Silicones 
and Tape, Asbestos 
ting, Synthetic Resin 

and Splice 

g., Braided Fabric 
ing. Extruded Plastie 
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Tin i MWATIONAL SCGiawis 


WEATHER PREDICTIONS FROM OUTER SPACE. Far more accurate weather ‘ ‘ of t earth’s surface. But forecasters soon 
ae sts will be one of Ar ica’s scientifi } SEE een af . j rad ee 


Ss pes and 


} 


NATIONAL CAN HELP YOU... 


reduce product cost or improve prod 
uct performance at no added cost. 
Here’s why ... you can select “the 
one best material’? from over 100 
rades of PHENOLITE®, Vulcanized 
re and National Nylon—without 
compromise in properties or cost. You 
can simplify production and purchas 
ing with the timed delivery of 100 
usable parts from a single reliable 
source. You gain competitively 
National’s new material n 
direct results of 
research 
You benefit by calling ational 
first. Check Sweets PD File 2 b/na, 
o 4 the telephone directory Yellow Pages, 
WEATHER EYES TO MEASURE CLOUD RADIATION.  PHENOLITE WINS BERTH ON EARTH SATELLITE. In 9). VT 2. ee: Sh ee 
In the USS. satellite, two “Weather Eyes he ‘Weather Eyes” ; tha eetabiiee’s ept 


it earth 1 Siii¢ 1 solar I y i ‘ ! 
LS. Arm ! pieces of t ri : ic 
neering Laboratories and de serve a printed circuit, base and insulating =§- 4” 7 ODI ZA E, 


‘onn. to measure cloud radi I mec t ent ‘ icatior n i 4, VULCANIZED FIBRE CO 
{-ounce instruments are hardly larger y to 


s and ir 


thana pack of cigarettes. Each uses an f 
mirror to pick up infrared cloud radiatior d l f 
ind focus it on a tiny detector unit rer meet lo these requirem S WATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontarie 


Circle 314 on page 293 
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Var s, Compounds and Resins, In- LIGHTS. PILOT and INDICATOR 
ng Arrow-Hart & Heg an Electric ( 3 
a Compounds Hawtho Hartford 6, Conn 
t r ‘ Dep 500 3209 
INSULATION, WIRE and CABLE ne See a. 
(Ceramic and Synthetic Cort 44 Stewart Ave., Brookly 
A Lava Cory Cha ooga Y 
1 Manufacturing Co. i711 W Hut 
I ( I of n Carbide Cor; go 2 Ill 
} N York N, ¥ Electri Co Miniature 
( g ( M M a Park, Cleveland 12 
I eN & « l } I ring Co 211 Barth« 
I I P als Db H fo Conr 
\\ s D I 1200 Elmwood Ave 
‘ t ‘ ( M Sha Hi Pa 
D I eport 2. Cc Johnson ¢ E. F 2331 Second Ave 
‘ Ce I I Der s.W WW 2, M 
ap ‘ } 4 Cc and } Pa & Sey r Inc Solvay Statior 
0 S e 9, N. ¥ 
Oo ( ‘ B s Pyle-Natior Cec 88 N. Kostner Ave 
Fra . 4 f ‘ 1 I 
Sprague Ele ‘ Mar North Sq > Co. 4041 N. Richards. Mi 
Adams, Mass wauk W 
IRONS SOLDERING See s r LOCKNUTS and LOCK WASHERS 
} € See Fasteners 
ISOLATORS VIBRATION and SHOCK 
2 ae R . 2 S - LUBRICANTS 
I ‘ ‘ East Outer Dr De 
JEWEL LIGHT ASSEMBLIES . t M 
: P . I a She 0 ( \\ 0th, New York 2° 
N. ¥ 


JUMPERS, CIRCUIT 
Burbank, LUBRICATORS. OIL and GREASE 


” t . ‘ East Outer Dr.. De 
; Mt 
KNOBS. CAPS and HANDLES Gits B Mfg. 1846 & Kilbourn 
M ‘ H R Ave ‘ cag I 
: oe Dayton 2. LUGS and TERMINALS 
aT t I 4 S. Broadway, Da AMP I rated, 5284 Hisenhower Blvd 
a gz. Pa 
"G oe 2 W Ma Amie 4 br Co Waterbury 20. Conn 
0 Bu I rica Products Cort 295 


ELECTRICAL PORCELAIN Soe eee rac saa ren MEER, (i tion Be. Nera 








Me e Park Cor 
Pes - Cambridge Thert ' Corp 458 Concord 
built to your drawings and . ee ils th Ave. Cambridge 38, Mass 
: “ Skokie. 1 Hart Manufacturing Co., 211 Bartholomee 
specifications. Send us Ave., Hartford 1. Cont 
; ori LACQUERS. ENAMELS. PAINTS and Heyman Mfg. Co.. Kenilworth } N J 
your inquiries. VARNISHES. FINISHING Hsco Cor rept, F 12, 4 Madison 
. tl r ati 2 rie 
A : r ‘ Johr ‘ E. F.. 2331 Second Ave 
MI I M s.W Waseca. Minr 
\ A i A Alco@ Jones D Howard B.. Cinch Mfg. Corp 
| a ‘ g | 
Carbide Corp.. Krueger & Hudepohl, 1043 Evans. Ctr 
i N.Y Ohio 
‘ ‘ M M Ma I a Manufacturing Co.. 4021 
s e Ite Varnishes W. La ( a 24. ml 
N «& ¢ I . k I Mycalex Cor f America. Clifton Bivd 
\ R De Clifton. N. J 
s \ ria Raia ( Verona Ave Newark 4 
1 oO ' 
Sealectro Cor r Fayette Ave Mama 
Circle 315 on page 17 LAMINATED METALS. PRECIOUS and secrete ls * 8 a 
es . penenrenniseeaiaensee BASE (Sheet. Tube and Wire Shak f Illinois Tool Works 


Elgin, Ill 
iring Cx HB Bat 


LCi mae +c Coibe a ris"bic, sats ant Cours ete ee pin 








; 4 ae Thor E r & { Sub. Am an 
1 & | I e Ma xs ( 8 N. Le 
hen DANO mak Sia ie 
a makes your Coils WACHINES, Sev sowie heading 
LAMINATED PLASTICS. = , ‘ a Re 
LAMINATIONS. MOTOR and pr hs : ; Rivet 
ery Gao con i tener mode fo un ce tem am 
customer specifications. x 391, Butler, Pa MAGNETIC AMPLIFIERS 
Sea 4 E. 25rd Airpax Products Co., Fort Lauderdale 
Regardless of type or quantity, let Be ag ay ae eA 
LAMPS, FLUORESCENT re 1 Weds kes. Bias 6 
DANO fill your next coil order! rk, ( 
0 Cor Box Butler, P 
\ } r ( ‘ ’ Ese W relta-Star “Div H K 
° ‘ a { A Porter ¢ I Lockport, Ill 
2 Bobbin r I Genera ectr Cr coadmadiie Salas 
D Sehe ady 5. N. ¥ 
LAMPS NCANDESCENT and Kearf ( 1378 Mal . 
e Form Wound mrs. ee - ae © 
e Paper Interleave General Electric Co a Park, ¢ er pees: 2ee3. Ban “Eee 
r Ce ( wa Vicker t ’ Vickers Ine on 
e Encapsulated ; ee Tien ‘ Mo ? 
j We ° + ric Corp Gateway 
~ e Vacuum impregnated ‘ é N 491 Liberty Ave 
* LAMPS. MERCURY VAPOR r : 
, Specially Treated Oh ti MAGNETIC BRAKES. See Brakes. Mag 
i ‘ r Ag 
TRANSFORMERS MADE TO ORDER 7 re P MAGNETIC MATERIALS. See Steel Ele 
r Ml r nt: Magnet 
LAMPS, MINIATURE Pilot and indi KR ‘ 8 xdered Meta 
cator 
. : Gateway MAGNETIC RECORDER COMPONENTS 
e 4 i r r B 875 MeCar 
1 wark 4 J 
M M g & Mf Co., Electrica 
LAVA. s ’ , D 0 Fauquier Ave., 8 
Pa M I 
AYOUT FLUID s ( 4 D ‘ G a 
D ‘ 7 Carlson Rd 
° ‘ 
ENSES. PRESSED GLASS MAGNETIZERS and DEMAGNETIZERS 
\ I s K atories, I Boor 
THE DANO ELECTRIC CO. oii Como aw Malo MAGNETS, PERMANENT 
Ar ' ( Mauarengt I 
93 MAIN ST., WINSTED, CONN. LIGHTING FIXTURES “Kamen tas, Puasa Pe 
vane ric. Manuf ‘ Van- G al Electric < Metallurgical Prod 
A S Touls 3 Def F 8 Mile Ave De 
MI r M 
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RVF ROTARY SWITCH 


Component Application 


Vital to wholly 


/ NORTH 


manufactured 


System Success 






The correct selection and applica- 
tion of components to systems is 
vital to time and cost factors in 
development and to the final ef- 
ficiency of every system, from the 


‘i Mi WET 

ml Tae 
simplest to the most complex. uo rsd 
Control is basic to any system ’ 
approach 

At the control function the sys- 
tems engineer faces a new set ol 
problems. These problems are criti- 
cal, for control failure means sys- 
tem failure! 

Control system engineering is a 
highly specialized field requiring a 
detailed and intimate knowledge of 
the components that make up con- 
trol systems and their application 
to the problem at hand Rater eosily removebie for cleaning ¢ 

Better than 50% of all so-called 
“component failures” are, in fact, 


Bank easily accessible for cleaning 


fon r , 
mpletely dus 


d d 

Built-in spark suppression on self-dr 
due not to the failure of a com- Suiit-in shock mounting 
ponent, but to the misapplication 
the component! 

It's the old story of “the right 
tool for the right job” 

The proper application of com- 
ponents to the task demanded of 
them requires experience and Mounting dimensions: 1 968” x 3.661” 0.C 
know -how—experience and know- Overall neigh t: 4%"; h ign 
how that is fundamental to the \ aie. 


The RVF Rotary Switch is available 
levels, 30 points, with single wiper With double wipers, pro- 
vides 12 levels with 15 poin 

Bank contact ratings: 1 amp. at rest; .2 amp. resistive when 
stepping Off normal contact ratings .4 amp resistive 

Switch may be driven s 


up to a ax - 0 o 
f 
Ol 


elf-stepping or externally 


—_ 
Re meme cee cee ee eee mee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee eee 


Weight. 1.32 Ibs / 
engineering staff at North Elec- \ e 
: 7 ; \ 
tric, for this has been North's spe- a 
cialized field for 75 years! 
North engineers can take your 
control problems and solve them Since the introduction of the L. M Ericsson RVF Rotary 
frequently with results that will Switch by North Electric Company, it has gained nation- 
exceed your own requirements. In wide acceptance as the outstanding Rotary Switch available 


engineering control systems for 


The constantly increasing domestic demand for the RVF 
you, North engineers will apply 


Rotary Switch will now be met by North Electric’s virtually 
unlimited production facilities, where the switch is being 
wholly manufactured, not only in all the standard types to 
which the industry is accustomed, but also in variations 


the best combinations of compo- 
nents for the most efficient solution! 

North’s expanded production fa- 
cilities make it possible for North, 


specifically designed to meet your application needs 
alone, tO engineer, manufacture, 


assemble and deliver complete con- This represents another most significant step in North’s pro- 
trol systems incorporating relays, gram to provide a single source facility for all types of 
switches and switching gear and industrial switching components. 


other components produced by a 


INDUSTRIAL DIVISION 
company second to none in wealth 


sr pic NORTH ELECTRIC COMPANY ; 


From design to delivery, North 
will bring your control problems 851 SOUTH MARKET STREET °* GALION, OHIO 


under control” Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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THE BEST 


HE REST! 


Why be satisfied with an ordinary 3- to 2-wire adapter when 


you can get the all-new, ail-vinyl . . 


ROYAL No. 210 GROUNDING ADAPTER 
at NO EXTRA COST! 


It's unbreakable can’t crack, chip, or come apart 


and it has no screws, nuts, eyelets, or rivets to work loose 
or fall out. Blades and contacts are locked permanently in 


solid vinyl. 


Available in black and 


gray . or special col- 


ors On quantity orders. 
Send for free sample 


and quotation today! 


ROYAL ELECTRIC CORPORATION 


An Associate of International Telephone and Telegraph Corporation 


Pawtucket ¢ Rhode Island 
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Indiana Steel Products 
Ir 4 
Thomas & Skinner Inc., 


Indianapolis 7, Ind. 


Co., Valpariso 
1114 E. 23rd 


MAGNET WIRE. See Wire 


MARKERS, IDENTIFICATION 
Brand & Co., Inc., William, Willimanti 
Conr 
National 
Newport 
Netvar Cor 20 
oh ies J 
Park Nameplate Co., Ir 34-10 
Pl.. Flushing 54, N. Y¥ 


Magnet 


& Tag Co., Dept. 9-25 


Randolph Ave., Wood 


Linden 


MARKING 


MACHINES and DEVICES 
(For 


marking Wire, Foil, Plates, ete) 
Kingsley Stamping Machine Co.,  &5¢ 
Cahuenga Blvd Hollywood 38, Cal 


MATERIALS HANDLING EQUIPMENT 
Continent Dia nd Fibre A Sub. of 
The Bu ( Newark 13 De 
mal Vulcanized Fibre ¢ Wilming 
ton 99. D 
Robbins & Myers, I 
D Springt or 
Spaulding Fibre Co., Inc., 
a. 


Crane & Hoist 


Tonawanda 


MERCURY RELAYS. See Relays 

MERCURY SWITCHES. Sex 

METALS. LAMINATED. See Laminateo 
Metals r 


and Base 


Switches 


I 


METALS, PRECIOUS. See Gold: Lam! 


Meta P 


METALS. RARE 
Fansteel Metallurg 


METERS. HOUR 
Haydon Mf Co 
rington, Conn 


Hobbs Cory 1 


H 


MICA GLASS-BONDED See 
Bonded M 


Glass 


MICA, MOLDED and LAMINATED 
(Sheets Plate. Tape. Tubes, Rings 
Segments. Washers. etc.) 


Ir William, Willimanti 


nd Fibre 4 Sut 
Newark 13, Del 
a Cort 536-5 


MICA UNDERCUTTERS 


Syeamore. 1 


MICROPHONES 
‘ an M 


oO 4 
perera | 
) 


MICROSCOPES 
MEASURING 


INSPECTION and 


N. ¥ 


MOLDED INSULATION 
PRODUCTS. Ss Cer 
K 


and MOLDED 
M Plas 


MOLDING MACHINES. PLASTIC 


x x New 
0 


Sheet and Wire 


MOLYBDENUM 


MOTOR BASES. ADJUSTABLE 


MOTOR CONTROLS and STARTERS. See 
( M I at 6 


MOTOR GENERATOR SETS 


Star H K 


rt. Il 


Maxfie 


MOTORS and GENERATORS. See Motor 


MOUNTINGS 
SYNTHETIC 


Mar 


RUBBER and 


Dutch Brand Pro 


Ave Ct Ag 


MOVEMENTS, CLOCK and TIMING 

Haydon Co 4 “ 234 North Elm, 
Waterbury 20, Conn 

Haydon Mfg. I 5 Elm, 


Tor 


NAME and 


Cr me 


INSTRUCTION PLATES 


irace. Chicago 


NICKEL and 
(Rod, Sheet 


NICKEL ALLOYS 
Tubing Wire 
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Design for extra sales features 


...with Mallory Mercury Batteries 


When you plan new battery-powered products, give 
them the extra features that spell sales success—by 
designing around Mallory Mercury Batteries. These 
unique batteries, pioneered and perfected by Mallory, 
are a key component in many of today’s brightest new 
electronic products transistor radios, alarm sys- 
tems, portable instruments, pocket tape recorders. 


Design for miniature size. Tiny Mallory Mercury 
Batteries put a lot of energy into minimum volume. 
The battery is no longer the limiting bulk component 
in your designs. 


Design for user convenience. Mallory Mercury Bat- 
teries outlast ordinary batteries several times—both in 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 


Serving Industry with These Products: 


Electromechanical — Resistors ¢ Switches ¢ Tuning Devices @ Vibrators 


Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts ¢ Special Metals ¢ Welding Materia 


service and in storage. Nuisance of frequent battery 
replacement is ended. Cost per hour is low. 


Design for user satisfaction. This battery sets a new 
standard of performance. Its constant discharge pro- 
vides fade-free operation, exactly matches transistor 
requirements. Its voltage is amply accurate for use as 
a reference in many instrument and bias circuits. 
Its rugged design withstands extremes of tempera 
ture and humidity. 


Write to Mallory today for data on the complete range 
of ratings and sizes, and for engineering assistance on 
your specific applications. 


MALLORY BATTERY COMPANY « CLEVELAND, OHIO 
a division of 


MALLORY 


PL R. MALLORY & CO. Inc., INDIANAPOLIS rs INDIANA 
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Curved Extrusions*, Plasti-Metallic Trim Moldings. — ee ea gg gg Cray) a oS 
® We have made more complex extrusion dies than i ere a “hae ek 
anyone we know. Eat ‘o., Dynamatie 1 Servo and Synchro) ; 
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SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 


@ pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals 
you positive assurance against 
cent terminals. Easie1 
highly conductive joints 
stable Nylon insulation and a permanent, vise-lik« 
m the conductor. Color-coded by size for instant 
tion. Three sizes of terminals wil 
+10 AWG sizes. 
as special styles. 
the complete line of 
installing tools. 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 


accidental contact by 
than-ever to install, they 
large contact areas 

ly 
dentifica 
| accommodate +22 throug! 
Available in ring and fork tongues, as well 
Write for our NEW Bulletin 82, showir 


' Sta-kon terminals, 
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connectors and 


ENGINEERED 
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TRACING. See 
FEEDERS. SELECTIVE 
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Vibrator 


PARTS 


PERFORATED MATERIALS 
ar & g Perforating ¢ 
7 FE re ago 44, I 


PERMANENT MAGNETS. See Magnets 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire 
Brass Waterbury 
s & Copper Co Sut 
r Cort Waterbury 20 


Los Angeles 


445 Plymouth 


FGKLNYZ 
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‘ herty Are 
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PHOTOELECTRIC CELLS and TUBES 
Genera ectr Ce Apparatus Sales 
Y (Phote 


Component 


Photoelertric 


PHOTOELECTRIC CONTROLS 


Genera! Electr pparatus Sales Div 
re., Chicago 
Vesey 


Corp..Gateway Cap 
4 Liberty Ave 


PILLOW BLOCKS. 8S I 
PINS. COTTER and LOCK. S Fa 


PLASTICS. COLD MOLDED and INOR 
GANIC. See Ceran 
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When it comes to Counting... PUT 
“first things first!” 


Callina 


“Design them in, when you begin’”’. . . that’s the tion, wage-payment or stock Countrol . . . or proof 
way to integrate Veeder-Root Counters into a new of performance-guarantee. 
product or process. And the quick way to do this is So when it comes to counting, call the local office 
call the nearest Veeder-Root office and ask for an or the Hartford plant, JAckson 7-7201 
engineer. 

You can count on this man to save you time and 
money in engineering, purchasing and assembly. Vee ea oot 
For he can often save you the premium cost of a 
special counter by adapting or modifying a stand- INCORPORATED 
ard counter to do the job you want done. . . whether HARTFORD 2, CONNECTICUT 
it’s to give you or your customers direct readings J Hartford, Conn. « Greenville, S.C. * Altoona, Pa » Chicago 

. ° C a: c > y New York » Los Angeles * Son Francisco * Montreal 
. . remote indication . . . facts-in-figures for produc- 


® 
NEW ADDITIONS TO THE MOST COMPLETE LINE OF ELECTRICAL, MECHANICAL & MANUAL COUNTERS 


Offices and Agents in Principal Cities 


4 gi ae oe 


New Electric Predetermining Counter New Printed-Circuit Data Readout Counter Panel-Mount Magnetic Counter with Lock-Key Reset 
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Ir William, Willimantic: PLASTICS, SHEETS, RODS and TUBES 
ws s 


> AMP I t ted, Chemical & Dielectr 
Diamond Fibre, A Sub, of The D Park. ‘Elizabethtow! 
Newark 1 Del aaeose, ; 
> Ww l4th, Cleve 


6424 Oakton, Mortor 
, Harry, 1428 N. Wells 


Dayton 


IDEAL) 


PRODUCTION in ade co nin Ree Te Tm 
WIRE STRIPPERS 90 j eee eS 


PLATINUM and PLATINUM PROD 


Meet More Needs — , wie Mapai 5, Piawie Pro PCTS 
Solve More Problems 


IDEAL Production Strippers are generally 

known as “the fastest on the market.” What- 

ever your needs, even if you don’t consider 

them problems, an IDEAL Stripper will give 

you better work, faster and cheaper! Below eae Se » curtana, wine 

is solid evidence — a condensed list of wire ited States Gasket., Plastics Div ogre lg ecg eg 

stripping needs that IDEAL Strippers are rae a i go 45, I 

called upon to fill every day: ; y Se aienan ikaniatse and JACKS, COMMUNICATION 
J siberty ve t D 836 13th Ave 

R, RF, CF, AF, Radio Hook-Up, Lead-In pe houth M 

Wires, etc., up to 7/16” in diameter .. . Kedzie Av 

Any cotton, silk, synthetic (plastic) insula- PLASTIC MOLDING. LAMINATING 98: 

tion or rubber coverings from fine stranded COMPOUNDS . 

or solid conductors up to 7/16” in diameter ompound ‘te nee Ww 

. . . Plus most types of Film Insulated Wire ; o“ eae ~ velt Rd. Chicago 24. 1 

(AWG £50 to AWG #0) as close as : canes ee ae ae , 

1” from the body of the winding or coil 

form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below. 


oso. a Oe Gree ie a we | TWIN CONE TYPE 


Quicker, cleaner stripping of 

all types of film insulation. 

Wire size AWG #50 to #25. 12 Walek Rd., N. 1 ee See ee 
For high-speed production | REPLACEMENT WHEELS: 9 oo.2e Dew ae re 
stripping of most types of IDEAL offers top quality at ,.! te PORCELAIN. s 
single conductors, solid or less cost per pair than the iS ery " POTENTIOMETERS. See 


stranded wire up to a maxi- | average of other good quality 
mum of 3/8” outside diameter. | wheels. 


FREE CONSULTING SERVICE 
— SEND US SAMPLES OF YOUR WIRE 


We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


(IDEAL) Sold through America’s Leading Distributors 


In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. s  catadh: Alcicatlais 


1008-A Park Avenue, Sycamore, Illinois 17 ae eae eee re. aan ie ra . 
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A FRESH APPROACH TO CLOSE TOLERANCE NEEDS 


T+ 


Type MEA 
Ve Wott 


Molded 
Metal Film 


Resistors 
Sf” 


Type MEC NOW IN c , SIZES y SS. . 
2 on 4 a 


2 Watts 


FEATURES 


* Now available in 5 wattage ratings * Metallic resistive film accurately controlied and applied to 
special high quality ceramic cores * Designed to surpass characteristic A of specification 


MIL-R-10609B « Low noise level independent of range * Voltage coefficient can be disregarded 


Her 


stand yund resistors 


ible in five 

iining OF 

anges 

must be 

ty condi- 

n lor high 

e details 
Insulated Composition Resistors ¢ 
Deposited and Boron Carbon 
Precistors @ Power Resistors @ 


Voltmeter Multipliers ¢ Ultra HF 
and Hi-Voltage Resistors 


Usteneuer the Cnnut, Says 


low Wattage Wire Wounds ¢ 
Resistance Strips and Discs ® 
Selenium Rectifiers and Diodes ¢ 
Hermetic Sealing Terminals @ In- 
sulated Chokes © Precision Wire 
Wounds @ Potentiometers 


SEND TODAY FOR IRC CATALOG B-3a 


INTERNATIONAL RESISTANCE CO. Dept.268,401 N. Broad St., Philadelphia 8, Pa.; In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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“made to S.A.E. and 
Federal Govt. Specifications 


SEE HOW 
FELT 
FITS IN 
WITH YOUR 
PRODUCTS 


Ask for booklet 
E-l 


See why 


CONTINENTAL FELT 
fills hundreds 
of jobs daily 


long-lasting accuracy... 
trouble-free performance in 
timing, mixing, compounding, 
processing and similar operations! 


Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 


IMMEDIATE DELIVERY IN ANY QUANTITY... 
Request bulletin. 


See classified telephone directory 


152 W. WALTON ST. CHICAGO 10, ILL. 
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the NEw the ONLY Complete Line of Relays 
SPOT-LITE 


with the Built-in Indicator Lamp 


DIMENSIONS: 
1% x1%x12% 
high 
CONTACTS 


Ip to 3 POT 


SPECIFICATIONS 


io) 8) 

i ee 
& OC voltages 
current and plate 
aioe Ma 1 2 


high quality SAVES PANEL SPACE 

rpose piug-in REDUCES COSTLY LABOR 

ng a neon lamp CIRCUIT CONDITIONS CAN BE SEEN 
AT A GLANCE WHERE NUMEROUS 
RELAYS ARE EMPLOYED » 
AVAILABLE IN 4 STANDARD ARRANGEMENTS 

C COLORED STYRENE CASES AVAILABLE vet" 
tions FOR CIRCUIT IDENTIFICATION 


OT ae ahh Aden 
Newark 3, New Jersey 
AFFILIATE INDUSTRIAL TIMER CORP 
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More than 3500 variations of 275 Stock Mold Parts 


MAKE YOUR PRODUCT 
DISTINCTIVE @z «oe exf14 cost 


AIRITE TARAYVI 
WRITE TODAY 
a A , 
Hew “rue Catalag 


HARRY DAVIES MOLDING COMPANY Makers of DAKA-WARE Products 


1428 North Wells Street ° Chicago 10, Illinois 
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[8=}f°/4\ New Bi-metal Element 


is basis of 
Miniature 
Circuit 
Breakers 


Special Features 


Current ratings from 50 ma. to 25 amp. 


Tripping characteristic assures full pro- 
tection in entire overload range. 


Circuit Breaker current rating 
may be selected very close to 
actual motor running current 
—nuisance trips eliminated. 





E€-T-A Miniature 
Circuit Breaker 


For complete data and prices, write for Bulletin tla/52. 


E-T-A PRODUCTS CO. OF 


5085 North Elston Avenue 
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SEND FOR | | 
STANDARD | | 
SIZE & PRICE | | 
LIST OF NEMA 12 | 
AND JIC 





JIC and NEMA 12 





ANELS 


es 


ENCLOSURES 
PER LATEST — | 
REVISIONS » 
JOINT INDUSTRY | Coxline Sheet 
meta enciosures meet 

CONFERENCE or even surpass all mandatory 

and suggested standards. 
We build a complete line of performance proved enclosures to meet 
your requirements. You name it — we have ali sizes — from 1|2"' x |2' 
to 60°' x 90"', any depth 
STANDARD PRICE INCLUDES — “Painting “Sub Panel *Neoprene 


Gasket and Provision for Mounting 


We also Fabricate custom Enclosures of All Types 


Any Size — Any Quantity 


iP F. COXx ‘aor 601-607 Of 





Grand Rapids 2, Michigan 
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Allen-Bradley Co., 1316 S. Second, M 
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Cutler-Hamr -, 1264 St. Paul Ave 
Milwaukee is. 

Daver 6 W. Mt. Pleasant Ave 








Route 10, Livingston, N. J. 
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RESOLVERS. See Servomechanisr 


RHEOSTATS 


RHEOSTATS, POWER CIRCUIT 


RINGS, COLLECTOR 
Baker & ( I Astor, Newark 


Mfg. Co., Gurnee 94 


Ow M 


RINGS, RETAINER and SNAP 
Garrett ¢ I George K. Torresdale 
Ave I Philadelphia 86, Pa 


RIVETS. See ! 


RIVET SETTING MACHINES 
Ct RK & Ma ‘ af “ 
i B Bellwood, I 
Milfor R & Machine ¢ M 
T Mi Co Judson L Dept 
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ROLLER BEARINGS. See Bearings, B 
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SAWS, COMMUTATOR. See Commutator 


Saws and Siotters 


ELECTRICAL MANUFACTURING 





SCRAPEK RINGS 


SCREW DRIVERS PORTABLE 


SCREW MACHINE PRODUCTS 


SCREWS. See Fa 


SEALING COMPOUNDS 


TERMINALS 


EALS. MECHANICAL 


L and GREASE 


TIFIER 


PRODUCTS. See K 


VOMECHANISMS 


FLEXIBLE 


N. J 
SHEAVES. & , Belt 


SHEET METAL FABRICATORS 


a A 


oO 
SHEETS, ELECTRICAL. See Stee 
NG. ELECTRONIC 

‘ Roselle, N. J 


SHIELDS, ELECTRON TUBE 
RK 
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SHIPPING SERVICES 


Mir 
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SIGNAL DEVICES 


HERMETIC 


Rotary Shaft 


Mortor 


SIGNAL LIGHT ASSEMBLIES 


SILICON DIODES. §& Trar 
Crystal D 


SILICONES 


SILVER and SILVER 


R 


SLEEVE BEARINGS. See Bearings 
SLEEVING. SATURATED. See 


SLEEVING and TAPE, ASBESTOS 


SLIDE ASSEMBLIES 


SLIDE RULES, CALCULATING 


SLIP RINGS. S&S 


SLOT INSULATION. § 


SLOTTERS. MICA 


SOCKET SCREW KEYS and 
WRENCHES 


( 


SOCKETS 


SOCKETS and RECEPTACLES, LAMP 


4 


J 


KETS. FLUORESCENT 
Aux arie 


SOCKETS, VACUUM TUBE 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
Fluxes, Paste, Liquids, Salts, ete 


& Coy r ¢ Sut f Ke 


Waterbury 20, Conr 


and ADAPTERS, RADIO. See 


TRAN 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 
all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 


commercial construction. 


And, we’ve got one asset 
you'll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 53D 


e592 cee 8 


1901 CLYBOURN AVENUE + CHICAGO 14, ILLINOIS 
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RE-application 


most uses don’t require it, but if you 
need it 5 times...10 times...15 times, 
the M*eF TWO-WAY LOCK NUT 
IS YOUR LOW-COST ANSWER! 


. “ R / dees 
WO-WAY ALL METAL 
DOUBLE CHAMFERED 
LOCK NUT 


You owe it to your product and to your production 
manager to find out about the LOCK NUT THAT 
DELIVERS: 1. Reapplication. 2. Automated application 
without selective devices. 3. Locking power without 
using all threads. 4. Consistent torque—no “spins,” no 
“sticks” no line hold-up. 5. Low cost! 

SEND FOR FREE CATALOG. The M‘F line includes off- 
the-shelf-sizes in all semi-finished hexagon nuts, all types 
of all metal lock nuts, weld nuts and the M:F un1-TrorquE 


LOCK NuT. All specifications, torque tests etc., included. 
Yours for the asking: 


MAC LEAN-FOGG Lock nut Company 


5535 NORTH WOLCOTT AVENUE, Chicago 40, Illinois 
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FOR ELECTRIC MOTORS 
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Over 100 Brush Cap Sizes 


With or without Inserts e 


e Molded from Stock Dies 
Internal & External Thread 
Over 50 Brush Holder Sizes * Molded Nylon or Phenolic 
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Over 40 Commutator Sizes ¢ With or without prongs 
Customolded Segmented Commutators & Slip Rings 


Write for size chart or send blueprints for quote 


ONE SOURCE FOR ALL 3 MOTOR COMPONENTS 
Over 30 years experience and specialization in 
die-making and molding backs Triple M production 


* a 
DL bncaneatabesectie 
& MANUFACTURING COMPANY 


| 
Chicago Phone: Dickens 2-0777 


Long Distance: ONtario 2-1320 


PLASTICS .- rooLinG - COMPRESSION.- INJECTION 
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STEEL ELECTRICAL Sil 
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STRAIN RELIEFS 


STRIPPERS, WIRE 


STRIPS. BLOCKS and BOARDS 
TERMINAL 


STROBOSCOPES 


SWITCHES. AUTOMATIC and MANUAL 
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Ae 
WIRING. 
METHODE 


With the newest and largest facility in the industry, Methode 


long a leader in volume production, is now in position to 


give special attention to short run as well as large 
quantity printed circuit requirements 


PROMPT QUOTATIONS — 


DEPENDABLE DELIVERY— 
RELIABLE PRODUCT— 


Vy) METHODE Mfg. Corp. 


7447 W. Wilson Ave. 
CHICAGO 31, 


ILLINOIS 


Circle 334 on page 17 


WIRES MARKED! 
Permanently 


e 
Coy 


for marking 
cables, leads, 
and grouping 


wires! 


METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION 


TERMINAL TAGS are rapidly replacing obsolete string and paper identifi- 


Cation methods—they mark th 


e end of identification problems! Made of 


aluminum, steel, brass, or zinc, in a variety of styles and sizes. TERMINAL 


TAGS are easy to apply, and are used 


radios, telephones, motors, generators, 
bossed to customer specification 


manufacture of aircraft 
They can be stamped or em- 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, Newport, 
PHONE CO 1-2035 
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FLEXIBLE MODULAR 


PLUG & RECEPTACLE 


LOW COST @ QUICK, EASY ASSEMBLY 
FLEXIBLE MOUNTING « POLARIZED 


Exclusive Molex terminals crimped to wires, 
snap-locked into modules, spring-clip mounted. 
Unexcelled performance for from 3 to 30 circuit 
combinations. 


Write today for complete information. 


MOLEX PRODUCTS COMPANY 


9507 Seovthview Avenue @ Brookfield, Illinois 


Circle 336 on page 17 


ass 
aes 


for high heat or 
other severe 


conditions 


fll lala. 


for maximum economy 
a in average conditions 


Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 

corrosion, no rust. Only one fastener needed 
Sizes to 1% 
samples and price sheet. 


WECKESSER COMPANY 


5711 NORTHWEST HWY., CHICAGO 30, ILL. 


inches. Write for free 
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TAGS, TERMINAL aad 
IDENTIFICATION 


TANTALUM 
Fansteel Meta 
azo, Til 

Ml 


Ind. 


TAPE, ADHESIVE and COIL 
FASTENING 
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TAPE, FRICTION and SPLICE 


MI 


INSULATING S 


MAGNETIC 
Re 


SHEETING 


TAPES, MEASURING 


TELEPHONES 


iH 


TEMPERATURE CONTROLS 
> Te r 


TERMINAL BLOCKS. See 


TERMINALS. See 


TESTING CHAMBERS S 
T 


TESTING INSTRUMENTS 
: Also T t 


Por 
THERMAL SWITCHES 


THERMISTORS 


r 
Dept 
t M 


THERMOCOUPLES 


K 


Newark 5 


tus Sales Div 


RECORDING 


SYNTHETIC 


THERMOPLASTIC 
I ate 


Cable 
THERMOSTATIC 


r & 


THERMOSTATS 


TIMERS, MOTOR 
AEMCO 
Allen-I 


TIMERS 

t N N 
Elg I 

TIME 


TOOLS 


TRACING CLOTH 
Keuff & E 


ELECT 


SPRING 


SWITCHES 


WIRE 


BIMETALS 


4 


ACTUATED 


PORTABLE 


FILM 
H 


and PAPER 
N 
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TRANSDUCERS, PRESSURE mee ee Ces meee oe 7 e mw 4 a 


Brow Westbury, le'T., N.Y. | Branston, ee From One Source 
TRANSFER SWITCHES S Sw . on L art an te mal i at 


Teer) Advance Relays ~ 


TRANSFORMER HOUSINGS 


tora 


oa * : 
Relays _ Automatic Electric 


TRANSFORMERS, ELECTRONIC 


1740 


si tT Tag Se 
p 6000 Ler- Pa Cc. P. Clare LY 

ras = 
Corr Wakefielt 


aoe 
BST] =_ . ° 
Cert Gateway pre eeave, Elgin Neomite 


berty Ave 
Pa 


Pittsburg ——— Guardian Electric © 
TUBE PARTS (Electronic e Eles Relays 
a aoc “ai Leach Relays 


TUBES, CATHODE RAY Lor ay 


Components 


are ee oor ” ee a) Phillips Control Phi-tut) 


RCA } Lrg 


Hart v3. , (=> Potter & Brumfield 


per 


TUBES, ELECTRON (Industrial Peet) © 
Amperite Co.. I Broadway, Ne Struthers Dunn 2 


frie) 


e ; I n Brur Yall fe rare 7 Terado 
TRANSFORMERS, BALLAST I cao ’ i 


4 


Motor Starting 


Pro Besson & Robinson MZZZ7 


TRANSFORMERS INSTRUMENT 
CURRENT 


7 2 ie era E ctr 4 7 ; ept hene Differential €BY And Others 


ray 


eo ars | 
ora 


WRITE FOR RELAY CATALOG C-8 


AN Approved 
i For 24-Hour Delivery 


Phone: West Chicago 1100 
PZ 
Ii gar 


TUBES, METALLIZED GLASS 2, RELAY SALES, inc. 
Glass, Te ri 
P. O. Box 186-B, West Chicago, Ill. 


TUBES, PHOTOELECTRIC. See 
electric Cells and Tubes 


Circle 338 on page 17 


TUBES, THERMOCOUPLE 


Karthal Corp., 8 Amelis Place, Stamford 
Conn 


TUBING, ALUMINUM. See Aluminur 


ee cca ae ener . Electrical Coil Windings 


See Brass, Bronze and Copper 


seciitianieab obceaibiaintaass For 40 years . . . specializing in all types of 
TUBING, LAMINATED METAL Ss 


Cadeties Wien Sansioas ond Hine coils to customers’ specifications. Design or 
wii “tallies -ainig tia engineering assistance available on request. 


TUBING, NICKEL and NICKEL ALLOY 
See Nickel and Nickel Alloy 
= 
TUBING, PAPER o7 ® 


Cleveland Container Co., 6201 Barberton 
Ave., Clevela 2, Ohio SINCE 1917 
“ontinental-Diamond Fibre. A Sub. of Th . ° 
ae I eee aS The 63 Pavilion Avenue Providence 5, Rhode Island 
nt Paper Tube Corp., 612 Lafay 
Wayne 2, Ind 
1 Paper Tube Co., 2035 W 
rleston, Chicago 47, Ill Circle 339 on page 17 
TUBING, SILVER. See Silver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED D 3 


FABRIC. (Textile or Glass-Fibre treated 


R 
with lacquer, varnish or synthetic resin s si = — 5 3} at 
; al 


Harris 5 ‘ 1200 Bar 


Sants Barbara Stops vv) = . Popular package is 


rand ’ ne., William, Willimanti ~~ 8-oz. can fitted with 
TRANSFORMERS. VARIABLE ‘oan . making Dies and |. Bakelite cap holding 
VOLTAGE ‘ontir Diamond Fibre, A Sub. of The : soft-hair brush for ap- 
: k ( 349 liton, Budd Co. Newark 18, Det att oy plying right at Saaaie 
Washington Eied. Chimes 1 Y metal surface ready for 
1 Minnesota Mining & Mar e . layout in a few minutes. 
) Argyle Terrace, Irving pi as The dark blue background 
i aK om makes the scribed lines 
Ave., W : show up in sharp relief, 
prevents metal glare. In- 
R creases efficiency and 
orp., 5 t accuracy. 
TRANSMISSIONS and PULLEYS were ; rlectri : . 
VARIABLE SPEED : - : Ss x Write for somple 
’ Flexible ¢ ng Co., 4802 ttsburgh 30, P ‘ ; F on company letterheod 
Lake, Chicago 44, I 
; DYKEM COMPANY 
TUBING and SLEEVING, EXTRUDED THE ; Se Seuie es ie 
TRANSISTORS and CRYSTAL DIODES PLASTIC . » Mo. 


Ce e Transistor Products, 241 Crescent Borden Co., Resinite Dept., Santa Barbara 
Waltha 4 Mas Calif 


I 
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William, Willimanti 


lastics Dept 


su " Manufacturers Corp., 565 W k Mf ‘ "‘lybourt 
ngton Blvd., Chicago 6, Ill Ago 

r Div., Minnesota Mining & Mar 

ifacturing Co., 9 Argyle Terrace, Irving- waxes and COMPOUNDS 


National leaniz Fibre Co., Wilming ‘ v : : ‘ 
- ort tandolpt ve ond tiv rt Howard, Skokie, I 
~—~_WAXES S haaa Os ndoigh Ave., Weed- TS rnir ‘orp., Midland, Mict 
ae New Jersey Wood Finishing Co., Electrical Gener ectric Co., Laminated Products 
“a ulation Dept., Woodbridge, N. J ! ae f Minnesot 
7, alo Plastics Corp., Commercial & Foster d sula Su of {innesota 
~\ COMPOUNDS tte wif Sti Se 
i Rogan Brothers, 8027 N. Monticello Ave t Y tie 
Skokie nnesota Mining R won 
ted States Gasket Co., Plastics Div. of re ts . 9 ° 
Garlock Packing Co Camden 1 , ¢ 


Zophar Waxes, resins and compounds 

to impregnate, dip, seal, embed, or pot ee ee ee ee ee. eee 
electronic and electrical equipment or iia ea 

components of all types, radio, tele- Fansteel_ Metallurgical 

vision, etc. Mallory & 


llory Co I 
6, Ind 

Cold flows from 100 F. to 285 F. plain UNDERCUTTERS, MICA ; ' WELDING EQUIPMENT 

ae Undercuttere Jenera ectric Co., Apparatus Sale 

or fungicidal . “Ta 

UNIVERSAL JOINTS TecIsIOG Wels ae wena 


nati 9, Os 


Flexible Cour : is \ tevere Cop i Brass 230 Park 


Special waxes non-cracking at —76 F. : 
I ‘ Ag 4. I 


Let us help you with your engineering 
; VACUUM TUBES. See 17 
problems. Ray; Tubes, Electron 


For immediate service contact: VALVES, MOTORIZED or SOLENOID WELD NUTS. Se¢ 
L. E. Mayer, Sales Manager OPERATED 
A. Saunders, Technical Director Automatic Switch Co 
H. Saunders, Chemical Laboratorics : Florham Park, N. J 
7 r-( ( D > t lorring 
Rockford l Conn 
Controls ( r 51 r 
Ave Sc 
General Ele o pparat Sales WINDING MACHINES. See 
Schenectady M 


WHEELS BLOWER 


Phone SOuth 8-0907 


McQuay-Norris 


TRS T ee O  ne ano cave 
112-130 26th Street, Skinner Electric Wa) ew Britain, “Ainerican Steel di 


«kefeller 
We 


"al Center, Bidg l Aberty i ire and 
Brooklyn 32, N. Y. Senter, Blt. 2 Wite os 
& Copper Ce 
Circle 341 on page 17 VARNISHED FABRICS. See a oe 
Insulating er °y° 

York N. ¥ 
Essex Wire Co Wire and Cable Die 
VARNISHES, COMPOUNDS and Fort Wayne, Ind 


RESINS, INSULATING General Cable Go., 420 Lexington Ave 


Acme Wire Co., 1255 Dixwell Ave., New New York 1 Y 
Haven 14, Conn } r r n Mate 
Rak ‘ ( Cor r s D tr port 


i, N } 


Borden Co., Kesinite Dept., Santa Barbara 
Calif 
Pp ey E Borthig Co., Inc., George C., 242 Patersor 
Ave., East Rutherford, N. J 
Brand & Co., Inc., Wiliiam, Willimantic 
Conr 
RELAY Dow Corning Corp., Midland, M 
licone) 


c sf t de Nemours & Ce., (In 
(SERIES 130 RELAY) tie Div., Polychemicals 
ilmington 98, Del 


... the most useful relay sea Bi moka 


: : : : : Y_ Waiek iy 
for industrial application to toe 
4 sulat ucturere Corp. _ W- WIRE and CABLE, INSULATED 

esota Mining & Mar Asbest 
9 Argyle Terrace, Irving 


nuf 


R 
Varr 
Ther 


1537 N. S3ist 
ark 
> of Minnesota 
ufacturing Co., Schenec 


& Mfg. Co., Electrical 
Fauquier Ave., St 
i Vire ble 25 Broad 
200 Bush Sar ay, New r 1 ABCTX 
jen } ) ; Ww Van Burer 
General Industria icag L (ABTX 
i Ohio Willian 
m Carbide Corp., Silicones Div 420 
zexington Ave New York 17 N Y 
tir Electric Corp Gateway Cer 
3 401 Liberty Ave 


NO OTHER RELAY IS SO VERSATILE phar Mills, Inc., ) 26th, Brook 


SPEC VC Etc AT 4 ONS 
CONTACTS RATINGS coms MOUNTING BASE 
Single-and-double pole 20 amp. ot 115 V AC EDC to 230V Metol strop or bokelite 
Single-and-double throw 60Cy. AC or 24VDC (Interchangeable) 5% con be rotcted ve VARNISHES, INSULATING. S¢ 


degrees either direction ( and Res 
Aux. OT contacts available Ut. Approved Power—?2 wotts for mounting convenience 


DIMENSIONS Bose—1" x 3%" V-BELTS 
Request complete data on Series 130 Relay. 


VARNISHES, FINISHING. See Lac« 
} els 


Paints and Varnishes, Fi 


Se Drives, Belt 


VIBRATION TEST MACHINES 


General ectric Co., Apparatus Sales Dir 
henart N 


SIGNALS ter, “Bldg, No. 3. 401" Liberty’ Ave 
vy ttsburel a my 
240 1 o9 mwirse LONG BRANCH, N. J VIBRATORS 


Avrovex Cory 
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[ Jobr s « ebling’s Sons Cor John A Sub of 

Iron Corp Trer ‘olorado Fuel & Ir mn Corp., Trenton 2 
Rome N. Y. (BTX Rome Cable Corp.. Rome, N. ¥ 
Cor Pawt et Sprague Electric Co., 3 Marsha 


Adams, Mase 
} ties Ine 


WIRE, MAGNET parrylows ’ 


fom Wire ©o., 1255 Dixwell Ave., New 
aven 14, Conn 
Anaconda Wire and Cable Co., 25 Broad WIRE, RESISTANCE 
way, New York 4, N. Y Driver Co., Wilbur B., 1875 McCarter 


Belden Mfg. Co., 4633 W. Van Buren, Highway, Newark 4. N. J 
icago 44, Tl Driver-Harris Co Harrison, N. J 
r ig rt Ir at r , 5 


slated Wire Cx Breok- Kanthal Cort Amelia Place, Stamford 


Conn 
f Ken- Ney Co., J. M. P. O. Box 990, Hartford 1 SENSITIVE 


0, Conr Cor 


ie Auto-Lite ire and Cable Riverside-Alloy Metal Div., H. K. Porter NULL METER 
Port "Huron, Mict " ¢ Riverside, N. J 


sex Wire Corp Magnet Wire Div 


P es Ww ayne 6, Ind ; ots WHEREIN NOISE 
eral Cable Corp 420 Lexir nA 
New York 17. m. % *e 


& ve., 


sinnittint. lb aera ee , AND HARMONIC 
Misee thames Dr, = *™ VOLTAGES ARE 
Fen ee lee zm EFFECTIVELY 


ne’ ee ELIMINATED MODEL 100A 
© Allows separate balance of in- 


phase or quadrature in null cir- $25900. 
For the least expensive and cuits. F.0.8. 


pe . . NEW YORK 
finest terminal blocks — Eliminates the necessity for fil- 
. : ters. 
superior to any, made in 
screw, solderless connector 
or aluminum type use the 


Add-A-Point made by © Synchro zeroing without recourse to coarse and 


rHE W AMA COMPANY fine switching. 
BALTIMOR I: MARYLAND For further information contact your nearest 


representative or write for brochure 


INDUSTRIAL TEST EQUIPMENT CO. 
PE See ee co) ee Pe 
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PRICE 


High sensitivity. 


Direction of null clearly shown on zero centered 
meter. 


free sample, please write to Dept. VM 


Circle 343 on page 17 


Fully Automatic — Air Powered — SPEEDCRAFT 


CABLE STRIPPER 


Can be built to strip any size or lengt! 
Backed bv 30 years experience 


he 2 Fhew Porous Ceramic Bodies 


ta Here’s the answer to a need for not one... 
see but TWO new porous ceramic bodies which 


speed with no damage to copper strands — easy to operate — always in permit a wide latitude of material appli- 
service. No repair parts except knives ever sold. Send 3 foot sample end 
stripping specifications for full dete. 


Precision built to last a lifetime. An abundance of power at tremendous 


cation. 


} VAPORLAIN ... for : cations 
WIRE STRIPPER CO. V2, fASTHAM AVE, a 


where it is necessary to retain moisture for 
gradual release. Made from a special clay 
that is highly porous yet strong enough to. 
retain its molded shape. Available unglazed 


FOLDING DOUBLE CUPPED WASHER LUGS Eerie 


Selderless *7O23 CAPILLARY BODY... 
an unusual ceramic composition having 


Easy to Apply — — oo ie a —s dis- 
ributic slatively large pores. Excel- 
ran No Special Tool Needed ion of relatively large pores. Excel 


lent for rapid filtering of gases or liquids 


6 One-Piece eo e886) Write for additional ‘details. Ask for 


Eiticient in a Write for Catalog 57 and allied engineering data. 
ames) one Kell [umn eer 


KRUEGER & HUDEPOHL, INC. the SrA FR 
1043 EVANS STREET, CINCINNAT! 4, OHIO 3 
é porcelain company, 34 Muirhead Avenue, Trenton 9, N.J. 


Cahtorma Representative 
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Edwin E. Starr, 4101 Rhodes Ave., North Hollywood, Cafif., STanley 7-5879 
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INDEX TO ADVERTISERS 


To communicate with adverissers either write direct or use postce 


expressly for that purpose which appear on page 


Heyco Nylon 


A’G’'A Div., Elastic Stop Nut Corp. of Coto-Coil Co., Inc 
America ‘ Cox Co., H. | 
AMP Incorporated Crouse-Hinds Co 
RELI FF Acme-New port Steel Co A Sub. of Acme Curtiss-Wright Corp Electronics Div 
Steel Co ] 


A w Th Cutler-Hammer, Inxc 
Acme ire Co e 
Cyclohm Motor Corp Div 


Adams & Westlake Co., The ; Industries. Inx 
Advance Relays, A Dept. of Elgin Na- 

tional Watch Co l 
Airpax Products Co., Cambridge Div 16 Dano Electric Co.. Th 


Davies Molding Co., Harry 


insulate and anchor the Allegheny Ludlum Steel Corp ; Dialight Corp 


llen- if 
Allen-Bradley o Dormeyer Ind 


power supply cord to Allen Manufacturing Co Te 
Allied Control Co., Inc ctiene Riawete iz 


your housing... Alia Retanacla: Pondecte, fine ae 


Aluminum Co. of America , Film Dept 


no need for grommets, American Brass Co., The Polychemicals Dept 


i American Chain & Cable Co., Inc., Page Durakool, Inc 
wire knots or costly Steel and Wire Div () Durez Plastics Div ER eicong 
labor. American Crucible Products Co., The ical Co 
American Cyanamid Co., Plastics and Dvyvkem Co The 
Resin Div 


American Lava Corp., A Sub. of Minnesota 
Mining and Manufacturing Co 


Akron Porcelain Co 


Corning 


E-T-A Products (Cc 
Elastic Stop Nut Corp 
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STROMBERG-CARLSON 


BB’ Series 


For your automation 
...computing... control 
circuit applications... 

“Telephone Quality” 

at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
ages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
glad!y send you a free 
copy on request 
Please ask for Cata- 


logue T-5000R. 
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You, too, can afford 


track of time! From 
small (144) Elapsed 


Miracles 


The enlarged panel 


SPACE IS VALUABLE... 


... on the front 
of this 


PRECISION 
SYSTEM 
ANALYZER. 


that’s why you'd 
expect to find the 


A.W.THAYDON 


Companys 
\” ELAPSED TIME 


INDICATORS 


Here! 


the space to keep 
now on, these reall 
[ime Indicators will 
keep company with the 


best of Electronic 


llustrates how the 


A. W. Hasdon Company's Sub-Miniature 


Elapsed Time Indicators could be used to 


maintain constant surveillance of operating 


time of the several sect 


matic System Analyzer 


lechnical Electronics 
Calit 
The dial type in 
} 


ims im) one oul 


ons of this Auto 


manutactured by 


Corp. of Culver City 


read up to 2 500 


increments, While the 


digital tvpe units read up to 9999.9 hours 


in one-tenth hour increments, Designed for 
military applications, these 442 ounce units 
can save valuable panel space in industrial 
ind electronic applications. The 400 cycle 


models now in production are 


Julletin AWH ET 602 


described in 


—~y 


_A.WAHAYDON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 
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THE BEST OF BRAKES! 


ROLLING STOP... Master Type D 
Dynamic Unibrake Motors. Braking is 
obtained with a unique, patented brake 
winding superimposed on the stator 
winding. Simple, compact, with no 
DC current required, the brake has no 
moving parts. There is nothing to 
wear or adjust... braking torque 
repeats consistently. Particularly 
recommended for automatic 
applications where static 

holding is not desired. 

Sizes 14 to 30 H.-P. 


UNIBRAKE MOTORS 


STOP-HOLD... Master Type M 
Magnetic Unibrake Motors. For 
quick, controlled stopping... espe- 


cially when you want to hold the 
load. Spring-setting magnetic brakes 
of the friction disc type combine with 
motor in a compact, integral unit. 


Sizes... % to 150 H.P. 


MASTER GEARMOTORS and variable speed 
drives can be furnished with Unibrakes, 
too. See Master for the perfect power 
drive for you. 


Type M—Magnetic 


THE MASTER ELECTRIC CoO. 
DAYTON 1, OHIO 


pDivision OF RELIANCE tncinceninc co? 
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The Transformer for Your Application|..FROM STOCK 


Three hundred hermetic items proved to MIL-T-27A...Filters, high Q 
coils, power, plate, filament, pulse, audio transformers. Eliminates costs 
and delays of initial MIL-T-27A testing. Seven hundred stock items for 
virtually every application in the electronic field ... each with UTC 
Reliability, highest in the field. 


>| 
L 


VARIABLE INDUCTORS 


Standard, LOW FREQUENCY INDUCTORS 
Hermetic MIL-T-27A INDUCTANCE DECADES 


LOW PASS, HIGH PASS, AUDIO COMPONENTS 
BAND PASS FILTERS Hermetic, MIL-T-27A 


Hermetic, MIL-T-27A for every application 


‘ 


DECI-OUNCER PULSE 
Transistor transformers .1 oz. TRANSFORMERS 
Hermetic, MIL-T-27A Wound Cord, MIL-T-27A 


LINEAR STANDARD SERIES 
Highest Fidelity Audio Units 


VOLTAGE ADJUSTORS . . . STEPDOWN 
and ISOLATION TRANSFORMERS 


PERMALLOY DUST TOROIDS 


Hermetic, MIL-T-27A 
Highest Q, accuracy and stability 


POWER COMPONENTS 
Hermetic, MIL-T-27A 
Power, Pilate, Filament Transformers, 
Filter chokes 


= 


~ ( 
LF ad. 


SUB and 
SUB-SUB OUNCER 
TRANSFORMERS 


Audio and OUNCER AND PLUG-IN 
Transistor Wide Range Audios 


HIPERMALLOY AND ULTRA COMPACT 
Broadcast and Hi-Fi Favorites 


REPLACEMENT TYPES 


Write for your Copy 
of Latest Catalog. 


MAGNETIC AMPLIFIERS 
Hermetic, MIL-T-27A 


EQUALIZERS 
Broadcast and Hi-Fi 


COMMERCIAL GRADE 
Power and audio units for industrial service 


SPECIAL SERIES 
Units for every amateur application. 


UNITED TRANSFORMER CORPORATION 


150 Varick Street, New York 13, N.Y. © 


EXPORT DIVISION: 13 E. 40th St., New York 16, N. ¥., CABLES: “ARLAB” 


PACIFIC MFG. DIVISION, 4008 W. Jefferson Bivd., Los Angeles, Cal. 
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